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NUCLEIC ACID BASED MODULATION OF FEM ALE REPRODT TCTTVE DISEASES 

AND CONDITIONS 

This patent application claims priority from Sandberg et al, USSN 60/334,461, filed 
5 November 30, 2001, entitled "Method and R eagent for the Modulation of Female 
Reproductive Diseases and Conditions" and Pavco et al, USSN 10/138,674, filed May 3, 
2002, which is a continuation in part of Pavco et al. t USSN 09/870,161, which is a 
continuation-in-part of Pavco et al., USSN 09/708,690, filed November 7, 2000, which is 
a continuation-in-part of Pavco et ai, USSN 09/371,722, filed August 10, 1999, which is a 
10 continuation-in-part of Pavco et al, USSN 08/584,040, filed January 11, 1996, which 
claims the benefit of Pavco et al, USSN 60/005,974, filed on October 26, 1995; these 
earlier applications are entitled 'Method and Reagent for Treatment of Diseases or 
Conditions Related to Levels of Vascular E ndothelial Growth Factor Receptor". Each of 
these applications is hereby incorporated by reference herein in it's entirety including the 
1 5 drawings and tables. 

Technical Field Of The Invention 

This invention relates to methods and reagents for the treatment of diseases or 
conditions relating to the levels of expression of vascular endothelial growth fector (VEGF) 
and vascular endothelial growth factor receptor(s). Specifically, the instant invention features 

20 nucleic-acid based molecules and methods that modulate the expression of vascular 
endothelial growth factor and/or vascular endothelial growth fector receptors, such as 
VEGFR1 and/or VEGFR2, that are useful in preventing, treating, controlling and/or 
diagnosing disorders and conditions related to angiogenesis, including but not limited to 
cancer, tumor angiogenesis, or ocular indications such as diabetic retinopathy, or age related 

25 macular degeneration, proliferative diabetic retinopathy, hypoxia-induced angiogenesis, 
rheumatoid arthritis, psoriasis, wound healing, endometriosis, endometrial carcinoma, 
gynecologic bleeding disorders, irregular menstrual cycles, ovulation, premenstrual syndrome 
(PMS), and menopausal dysfunction. 

Background Of The Invention 

30 The following is a discussion of relevant art, none of which is admitted to be prior art to 

the present invention. 
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VEGF, also referred to as vascular permeability factor (VPF) and vasculotropin, is a 
potent and highly specific mitogen of vascular endothelial cells (for a review see Ferrara, 
1993 Trends Cardiovas. Med. 3, 244; Neufeld et al, 1994, Prog. Growth Factor Res. 5, 89). 
VEGF-induced neovascularization is implicated in various pathological conditions such as 
5 tumor angiogenesis, or ocular indications such as diabetic retinopathy, or age related macular 
degeneration, proliferative diabetic retinopathy, hypoxia-induced angiogenesis, rheumatoid 
arthritis, psoriasis, wound healing and others. 

VEGF, an endothelial cell-specific mitogen, is a 34-45 fcDa glycoprotein with a wide 
range of activities that include promotion of angiogenesis, enhancement of vascular- 

1 0 permeability and others. VEGF belongs to the platelet-derived growth factor (PDGF) family 
of growth factors with approximately 18% homology with the A and B chain of PDGF at the 
amino acid level. Additionally, VEGF contains the eight conserved cysteine residues 
common to all growth factors belonging to the PDGF family (Neufeld et al. supra). VEGF 
protein is believed to exist predominantly as disulfide-linked homodimers; monomers of 

1 5 VEGF have been shown to be inactive (Plouet et al, 1989 EMBO J. 8, 3801). 

VEGF exerts its influence on vascular endothelial cells by binding to specific high- 
affinity cell surface receptors. Covalent cross-linking experiments with 1251-labeled VEGF 
protein have led to the identification of three high molecular weight complexes of 225, 195 
and 175 kDa presumed to be VEGF and VEGF receptor complexes (Vaisman et al, 1990 J. 

20 Biol. Chem. 265, 19461). Based on these studies VEGF-specific receptors of 180, 150 and 
130 kDa molecular mass were predicted. In endothelial cells, receptors of 150 and 130 kDa 
have been identified. The VEGF receptors belong to the superfamily of receptor tyrosine 
kinases (RTKs) characterized by a conserved cytoplasmic catalytic kinase domain and a 
hydrophilic kinase sequence. The extracellular domains of the VEGF receptors consist of 

25 seven immunoglobulin-like domains that are thought to be involved in VEGF binding 
functions. 

The two most abundant and Wgh-affinity receptors of VEGF are flt-1 (VEGFR1) (fins- 
like tyrosine kinase) cloned by Sbibuya et al, 1990 Oncogene 5, 519 and KDR (VEGFR2) 
(kinase-insert-domam-contaimng receptor) cloned by Terman et al, 1991 Oncogene 6, 1677. 
30 The murine homolog of KDR, cloned by Malhews et al, 1991, Proc. Natl. Acad. Sci., USA 
88, 9026, shares 85% amino acid homology with KDR and is termed as flk-1 (fetal liver 
kinase-1). The high-affinity binding of VEGF to its receptors is modulated by cell surface- 
associated heparin and heparin-like molecules (Gitay-Goren et al., 1992 /. Biol. Chem. 267, 
6093). 
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VEGF expression has been associated with several pathological states such as tumor 
angiogenesis, several forms of blindness, rheumatoid arthritis, psoriasis and others, hi 
addition, a number of studies have demonstrated that VEGF is both necessary and sufficient 
for neovascularization. Takashita et al, 1995 1 Clin, Invest 93, 662, demonstrated that a 

5 single injection of VEGF augmented collateral vessel development in a rabbit model of 
ischemia. VEGF also can induce neovascularization when injected into die cornea. 
Expression of the VEGF gene in CHO cells is sufficient to confer tumorigenic potential to the 
cells. Kim et al, supra and Millauer et al, supra used monoclonal antibodies against VEGF 
or a dominant negative form of VEGFR2 receptor to inhibit tumor-induced 

10 neovascularization. 

During development, VEGF and its receptors are associated with regions of new 
vascular growth (Millauer et al., 1993 Cell 72, 835; Shalaby et al, 1993 J. Clin. Invest. 91, 
2235). Furthermore, transgenic mice lacking either of the VEGF receptors are defective in 
blood vessel formation and these mice do not survive; VEGFR2 appears to be required for 
15 differentiation of endothelial cells, while VEGFR1 appears to be required at later stages of 
vessel formation (Shalaby et al., 1995 Nature 376, 62; Fung et al, 1995 Nature 376, 66). 
Thus, these receptors apparently need to be present to properly signal endothelial cells or their 
precursors to respond to vascularization-promoting stimuli. 

Increasing evidence suggests that the VEGF family may also be involved with both the 
20 etiology and maintenance of peritoneal endometriosis. Peritoneal endometriosis is a 
significant debilitating gynecological problem of widespread prevalence. It is now generally 
accepted that the pathogenesis of peritoneal endometriosis involves the implantation of 
exfoliated endometrium. Maintenance of exfoliated endometrial tissue is dependent upon the 
generation and maintenance of an extensive blood supply both within and surrounding the 
25 ectopic tissue. 

Endometriosis is a disease affecting an estimated 77 million women and teenagers 
worldwide. Endometriosis is a leading cause of infertility, chronic pelvic pain and 
hysterectomy. Endometriosis can be characterized when endometrial tissue (the tissue inside 
the uterus which builds up and is shed each month during menses) is found outside the uterus, 
30 in other areas of the body. The endometrial tissue can respond to hormonal commands each 
month and break down and bleed. However, unlike the endometrium, these tissue deposits 
have no way of leaving the body. The Tesult is internal bleeding, degeneration of blood and 
tissue shed from the growths, inflammation of the surrounding areas, expression of irritating 
enzymes and formation of scar tissue. In addition, depending on the location of the growths, 
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interference with the bowel, bladder, intestines and other areas of the pelvic cavity can occur. 
Endometrial tissue has even been found lodged in the skin and at other extrapelvic locations 
like the arm, leg and even brain. 

Currently, the presence of Endometriosis can only be confirmed through surgery such 
5 as laparoscope but can be suspected based on symptoms, physical findings and diagnostic 
tests. Endometriosis can be treated in many different ways, both surgically and medically. 
Most commonly, surgery will be performed during which the disease will be excised, ablated, 
fulgarated, cauterized or otherwise removed, and adhesions will also be freed. Surgeries 
include but are not limited to laparoscope laparotomy; presacral and uterosacral and various 
1 0 levels of hysterectomies, where some or all of the reproductive organs are removed. Often, 
this method will only relieve the symptoms associated with growths on the reproductive 
organs, not the bowels or kidneys and related areas where Endometriosis can be present. 

There are several drugs used to treat Endometriosis that are utilized either alone or in 
combination with surgery. These include contraceptives, GnRH agonists, and/or synthetic 

1 5 hormones. GnRH agonists are commonly used on women in all stages of the disease and may 
sometimes have serious side affects. GnRH (gonadotropin releasing hormone) analogues are 
classified into 2 groups: agonists and antagonists. Agonists are commonly used in the 
treatment of Endometriosis by suppressing the manufacture of follicle stimulating hormone 
(FSH) and luteinizing hormone (LH), common hormones required in ovulation. When they 

20 are not secreted, the body will go into "pseudo-menopause," stalling the growth of more 
implants. However, these are again only stop-gap measures that can be utilized only for short 
term intervals. Once the body returns to it's normal state, the Endometriosis will again begin 
to implant itself. 

Angiogenesis is likely to be involved in the pathogenesis of endometriosis. According 
25 to the transplantation theory, when the exfoliated endometrium is attached to the peritoneal 
layer, the establishment of a new blood supply is essential for the survival of the endometrial 
implant and development of endometriosis (Donnez et aL 9 1998, Hum. Reprod, 13, 1686- 
1690). Endometrial growth and repair after menstruation are associated with profound 
angiogenesis. Abnormalities in these processes result in excessive or unpredictable bleeding 
30 patterns and are common in many women. It is therefore important to understand which 
factors regulate normal endometrial angiogenesis. Vascular endothelial growth factor 
(VEGF) is an endothelial cell-specific mitogen that plays an important role in normal and 
pathological angiogenesis (Fasciani et al„ 2000, Mol Hum. Reprod., 6, 50-54; Sharkey et aL, 
2000, J. Clin. Endocrinol Metab., 85, 402-409). Sources of this factor include the eutopic 
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endometrium, ectopic endometriotic tissue and peritoneal fluid macrophages. Important to its 
etiology is the correct peritoneal environment in which the exfoliated endometrium is seeded 
and implants. Established ectopic tissue is then dependent on the peritoneal environment for 
its survival, an environment that supports angiogenesis. The increasing knowledge of the 
5 involvement of the VEGF family in endometriotic angiogenesis raises the possibility of novel 
approaches to its medical management, with particular focus on the anti-angiogenic control of 
the action ofVEGF (McLaren, 2001, Hum. Reprod. Update, 6, 45-55). 

Pavco et aL. International PCT Publication No. WO 97/15662, describes methods and 
reagents for treating diseases or conditions related to levels of vascular endothelial growth 
10 factor receptor. 

Robinson, International PCT Publication No. WO 95/04142, describes the use of 
certain antisense oligonucleotides targeted against VEGF RNA to inhibit VEGF expression. 

Jellinek et al, 1994 Biochemistry 33, 10450 describe the use of specific VEGF-specific 
high-affinity RNA aptamers to inhihit the binding of VEGF to its receptors. 

1 5 Rockwell and Goldstein, International PCT Publication No. WO 95/21868, describe the 

use of certain anti-VEGF receptor monoclonal antibodies to neutralize the effect of VEGF on 
endothelial cells. 

Pappa, International PCT Publication No. WO 01/32920, describes inhibitors, including 
certain ribozyme and antisense nucleic acid molecules, of specific genes, including cathepsin 

20 D, AEBP-1, stromelysin-3, cystatin B, protease inhibitor 1 7 sFRP4, gelsolin, IGFBP-3, dual 
specificity phosphatase 1, PAEP, Ig gamma chain, ferritin, complement component 3, pro- 
alpha- 1 type ffl collagen, proline 4-hydroxylase, alpha-2 type I collagen, claudin-4, melanoma 
adhesion protein, procollagen C-endopeptidase enhancer, nascent-polypeptide-associated 
complex alpha polypeptide, elongation factor 1 alpha (EF-l-alpha), vitamin D3 25 

25 hydroxylase, CSRP-1, steroidogenic acute regulatory protein, apolipoprotein E, 
transcobalamin prosaposin, early growth response 1 (EGR1), ribosomal protein S6, 
adenosine deaminase RNA-specific protein, RAD21, guanine nucleotide binding protein beta 
polypeptide 2-like 1 (RACK1) and podocalyxin genes which are all differentially expressed 
in tissues within individual patients with endometriosis. 

30 Labarbera et al, International PCT Publication No. WO 00/73416, describes specific 

antisense nucleic acid molecules targeting follicle-stimulating hormone receptor. 
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Storella et al, International PCT Publication No. WO 99/63116, describes modulators 
of Prothymosin gene products for treating endometriosis, including certain ribozymes and 
antisense nucleic acid molecules. 

Summary Of The Invention 

5 

This invention features nucleic acid-based molecules, for example, enzymatic nucleic 
acid molecules, allozymes, antisense nucleic acids, 2-5A antisense chimeras, triplet forming 
oligonucleotides, decoy RNA, dsRNA, siRNA, aptamers, and antisense nucleic acids 
containing nucleic acid cleaving chemical groups, and methods to modulate vascular 

10 endothelial growth factor (VEGF) and/or vascular endothelial growth factor receptor 
(VEGFr) gene expression. Non-limiting examples of genes that encode vascular endothelial 
growth factor receptors of the invention include VEGFR1, VEGFR2 or combinations thereof. 
In particular, the instant invention features nucleic acid-based molecules and methods that 
modulate the expression of vascular endothelial growth factor and/or vascular endothelial 

15 growth factor receptors, such as VEGFR1 and/or VEGFR2, that are useful in preventing, 
treating, controlling, and/or diagnosing angiogenesis related diseases and conditions, 
including but not limited to tumor angiogenesis, cancers such as breast cancer, lung cancer, 
colorectal cancer, renal cancer, pancreatic cancer, or melanoma, or ocular indications such as 
diabetic retinopathy, or age related macular degeneration, and female reproductive disorders 

20 and conditions, including but not limited to endometriosis, endometrial carcinoma, 
gynecologic bleeding disorders, irregular menstrual cycles, ovulation, premenstrual syndrome 
(PMS), and menopausal dysfunction. 

hi one embodiment, the invention features one or more nucleic acid-based molecules 
and methods that independently or in combination modulate the expression of gene(s) 

25 encoding vascular endothelial growth factor receptors. Specifically, the present invention 
features nucleic acid molecules that modulate the expression of VEGF (for example Genbank 
Accession No. NMJ)03376), VEGFR1 receptor (for example Genbank Accession No. 
NMJ)02019), and VEGFR2 receptor (for example Genbank Accession No. NMJ)02253) 
that are useful in preventing, treating, controlling, and/or diagnosing tumor angiogenesis, 

30 cancers such as breast cancer, lung cancer, colorectal cancer, renal cancer, pancreatic cancer, 
or melanoma, or ocular indications such as diabetic retinopathy, or age related macular 
degeneration, and female reproductive disorders and conditions, including but not limited to 
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endometriosis, endometrial carcinoma, gynecologic bleeding disorders, irregular menstrual 
cycles, ovulation, premenstrual syndrome (PMS), and menopausal dysfunction. 

In one embodiment, the present invention features a compound having Formula I: (SEQ 
ID NO: 5977) 

5 y gsasggasUgcXJGAuGagg ccgaaa ggccGaaAgucugB 3 5 

wherein each a is 2'-Omethyl adenosine nucleotide, each g is a 2 , -0-mefliyl guanosine 
nucleotide, each c is a 2 , -0-methyl cytidine nucleotide, each u is a 2 , -0-methyl uridine 
nucleotide, each A is adenosine, each G is guanosine, each s individually represents a 
phosphorothioate intemucleotide linkage, U is 2 , -deoxy-2 , -C-allyl uridine, and B is an 
10 inverted deoxyabasic moiety. This compound is also referred to as ANGIOZYME™ 
ribozyme. 

In another embodiment, the present invention features a compound having 
Formula U: (SEQ ID NO: 5978). 

5'-u 8 a 8 c* a 8 au ucU GAu Gag gcg aaa gcc Gaa Aag aca aB-3' 

15 

wherein each a is 2*-0-methyl adenosine nucleotide, each g is a 2'-0-methyl guanosine 
nucleotide, each c is a 2'-0-methyl cytidine nucleotide, each u is a 2'-0-methyl uridine 
nucleotide, each A is adenosine, each G is guanosine, each s individually represents a 
phosphorothioate intemucleotide linkage, U is 2>-deoxy-2'-C-allyl uridine, and B is an 
20 inverted deoxyabasic moiety. 

In one embodiment, the invention features a composition comprising a nucleic acid 
molecule of the invention in a phannaceutically acceptable carrier, hi another embodiment, 
the invention features a composition comprising a compound of Formula I and/or Formula II 
in a phannaceutically acceptable carrier or diluent. 

25 hi one embodiment, the invention features a method of administering to a cell, for 

example a mammalian cell, including a human cell, a nucleic acid molecule of the invention 
comprising contacting the cell with the nucleic acid molecule under conditions suitable for 
administration, for example in the presence of a delivery reagent such as a lipid, cationic 
lipid, phospholipid, or liposome. In another embodiment, the invention features a method of 

30 administering to a cell, for example a mammalian cell , including a human cell, a compound 
of Formula I and/or Formula Hcomprising contacting the cell with the compound under 
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conditions suitable for administration, for example in the presence of a delivery reagent such 
as a lipid, cationic lipid, phospholipid, or liposome. 

In one embodiment, the present invention features a mammalian cell comprising a 
nucleic acid molecule of the invention, wherein the mammalian cell is, for example, a human 
5 cell In another embodiment, the present invention also features a mammalia n cell 
comprising the compound of Formula I and/or Formula II, wherein the mammalian cell is, for 
example, a human cell. 

In one embodiment, the invention features a method of inhibiting angiogenesis, for 
example tumor angiogenesis, or ocular indications such as diabetic retinopathy, or age related 

10 macular degeneration, or endometrial neovascularization, in a subject comprising contacting 
the subject with a nucleic acid molecule of the invention, under conditions suitable for the 
inhibition. In another embodiment, the invention features a method of inhibiting 
angiogenesis, for example tumor angiogenesis, or ocular indications such as diabetic 
retinopathy, or age related macular degeneration, or endometrial neovascularization, in a 

1 5 subject, comprising contacting the subject with a compound of Formula I and/or Formula n, 
under conditions suitable for the inhibition. 

hi another embodiment, the invention features a method of treatment of a subjecthaving 
an ocular condition associated with the increased level of a VEGF receptor, for example 
diabetic retinopathy, or age related macular degeneration, comprising contacting cells of the 
20 subjectwith a nucleic acid molecule, such as an enzymatic nucleic acid molecule targeted 
against a VEGF receptor RNA, e.g., molecule according to Formula I and/or It under 
conditions suitable for the treatment 

In another embodiment, the invention features a method of treatment of a subjecthaving 
a condition associated with an increased level of VEGR and/or a VEGF receptor, for example 

25 tumor angiogenesis, cancers such as breast cancer, lung cancer, colorectal cancer, renal 
cancer, pancreatic cancer, or melanoma, ocular diseases or ocular indications such as diabetic 
retinopathy, or age related macular degeneration, rhuematoid arthritis, psoriasis 
endometriosis, endometrial carcinoma, gynecologic bleeding disorders, irregular menstrual 
cycles, ovulation, premenstrual syndrome (PMS), or menopausal dysfunction, comprising 

30 contacting cells of the subject with a nucleic acid molecule of the invention, such as a 
compound of Formula I and/or Formula D, under conditions suitable for the treatment. 

In yet another embodiment, the inventive method of treatment further comprises the use 
of one or more drug therapies under conditions suitable for the treatment. Non-limiting 
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examples of other drug therapies that can be used in combination with nucleic acid molecules 
of the invention include to 5-fluoro uridine, Leucovorin, Irinotecan (CAMPTOSAR® or 
CPT-11 or Camptothecin-11 or Campto), Paclitaxel, or Carboplatin, GnRH (gonadotropin 
releasing hormone) agonists, Lupron Depot (Leuprolide Acetate), Synarel (naferalin acetate), 
5 Zolodex (goserelin acetate), Suprefact (buserelin acetate), Danazol, or oral contraceptives 
including but not limited to Depo-Provera or Provera (medroxyprogesterone acetate), or any 
other estrogen/progesterone contraceptive. 

In one embodiment, the invention features a method of administering to a mammal, for 
example a human, a nucleic acid molecule of the invention comprising contacting the 

10 mammal with the nucleic acid molecule under conditions suitable for the administration, for 
example, in the presence of a delivery reagent such as a lipid, cationic lipid, phospholipid, or 
liposome. In another embodiment, the invention features a method of administering to a 
mammal, for example a human, a compound of Formula I and/or Formula II comprising 
contacting the mammal with the compound under conditions suitable for the administration, 

1 5 for example, in the presence of a delivery reagent such as a lipid, cationic lipid, phospholipid, 
or liposome. 

In one embodiment, the invention features a nucleic acid molecule which down 
regulates expression of a vascular endothelial growth factor (VEGF) and/or vascular 
endothelial growth factor receptor (VEGFr) gene, for example, wherein the VEGFr gene 
20 comprises VEGFR1 or VEGFR2 and any combination thereof. 

* 

In one embodiment, a nucleic acid molecule of the invention, such as an enzymatic 
nucleic acid molecule, antisense nucleic acid molecule, 2-5A antisense chimera, triplex 
forming oligonucleotide, decoy RNA, dsRNA, siRNA, aptamer, or antisense nucleic acid 
containing nucleic acid cleaving chemical groups, is adapted to treat, control and/or diagnose 
25 tumor angiogenesis, cancers such as breast cancer, lung cancer, colorectal cancer, renal 
cancer, pancreatic cancer, or melanoma, ocular diseases or ocular indications, such as diabetic 
retinopathy, or age related macular degeneration, rhuematoid arthritis, psoriasis 
endometriosis, endometrial carcinoma, gynecologic bleeding disorders, irregular menstrual 
cycles, ovulation, premenstrual syndrome (PMS), or menopausal dysfunction. 

30 Such nucleic acid molecules are also useftil for the prevention of the diseases and 

conditions including diabetic retinopathy, macular degeneration, neovascular glaucoma, 
myopic degeneration, verruca vulgaris, angiofibroma of tuberous sclerosis, port-wine stains, 
Sturge Weber syndrome, Kippel-Trenaunay- Weber syndrome, Osier- Weber-Rendu syndrome 
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and other diseases or conditions that are related to the levels of VEGFR1 or VEGFR2 in a 
cell or tissue. 

In another embodiment, the invention features a composition in a pharmaceutical^ 
acceptable carrier or diluent, comprising the nucleic acid molecule of the instant invention. 

5 In another embodiment, an enzymatic nucleic acid molecule, antisense nucleic acid 

molecule, 2-5A antisense chimera, triplex fonning oligonucleotide, decoy RNA, dsRNA, 
siRNA, aptamer, or antisense nucleic acid containing nucleic acid cleaving chemical groups 
of the invention is adapted for birth control. 

In one embodiment, an enzymatic nucleic acid molecule of the invention is in a 
1 0 hammerhead, Inozyme, Zinzyme, DNAzyme, Amberzyme, or G-cleaver configuration. 

In one embodiment, an enzymatic nucleic acid molecule of the invention comprises 
between 8 and 100 bases complementary to RNA of VEGFR1 and/oT VEGFR2 gene. In 
another embodiment, an enzymatic nucleic acid molecule of the invention comprises between 
14 and 24 bases complementary to RNA of VEGFR1 and/or VEGFR2 gene. 

15 In one embodiment, a siRNA molecule of the invention comprises a double stranded 

RNA wherein one strand of the RNA is complementary to RNA of a VEGFR1 and/or 
VEGFR2 gene. In another embodiment, a siRNA molecule of the invention comprises a 
double stranded RNA wherein one strand of the RNA comprises a portion of a sequence of 
RNA having a VEGFR1 and/or VEGFR2 sequence. In yet another embodiment, a siRNA 

20 molecule of the invention comprises a double stranded RNA wherein both strands of RNA 
are connected by a non-nucleotide linker. Alternately, a siRNA molecule of the invention 
comprises a double stranded RNA wherein both strands of RNA are connected by a 
nucleotide linker, such as a loop or stem loop structure. 

In one embodiment, a single strand component of a siRNA molecule of the invention 
25 is from about 14 to about 50 nucleotides in length. In another embodiment, a single strand 
component of a siRNA molecule of the invention is about 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, or 28 nucleotides in length. In yet another embodiment, a single strand 
component of a siRNA molecule of the invention is about 23 nucleotides in length. In one 
embodiment, a siRNA molecule of the invention is from about 28 to about 56 nucleotides in 
30 length. In another embodiment, a siRNA molecule of the invention is about 40, 41, 42, 43, 
44, 45, 46, 47, 48, 49, 50, 51, or 52 nucleotides in length. In yet another embodiment, a 
siRNA molecule of the invention is about 46 nucleotides in length. 
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In one embodiment, an enzymatic nucleic acid molecule, antisense nucleic acid 
molecule, 2-5A antisense chimera, triplex forming oligonucleotide, decoy RNA, dsRNA, 
siRNA, aptamer, or antisense nucleic acid containing nucleic acid cleaving chemical groups 
of the invention is chemically synthesized. 

5 In another embodiment, an enzymatic nucleic acid molecule, antisense nucleic acid 

molecule, 2-5A antisense chimera, triplex forming oligonucleotide, decoy RNA, dsRNA, 
siRNA, aptamer, or antisense nucleic acid containing nucleic acid cleaving chemical groups 
of the invention comprises at least one 2 '-sugar modification. 

In another embodiment, an enzymatic nucleic acid molecule, antisense nucleic acid 
10 molecule, 2-5 A antisense chimera, triplex forming oligonucleotide, decoy RNA, dsRNA, 
siRNA, aptamer, or antisense nucleic acids containing nucleic acid cleaving chemical groups 
of the invention comprises at least one nucleic acid base modification. 

In another embodiment, an enzymatic nucleic acid molecule, antisense nucleic acid 
molecule, 2-5A antisense chimera, triplex forming oligonucleotide, decoy RNA, dsRNA, 
15 siRNA, aptamer, or antisense nucleic acid containing nucleic acid cleaving chemical groups 
of the invention comprises at least one phosphate backbone modification. 

In one embodiment, the invention features a mammalian cell, for example a human 
cell, comprising a nucleic acid molecule of the invention. 

In another embodiment, the invention features a method of reducing VEGF and/or 
20 VEGFr, such as VEGFR1 and/or VEGFR2 expression or activity in a cell comprising 
contacting the cell with a nucleic acid molecule of the invention that modulates the 
expression and/or activity of VEGF and/or VEGFr, under conditions suitable for the 
reduction. 

In another embodiment, a method of treatment of a subject having a condition 
25 associated with the level of VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2 is 
featured, wherein the method further comprises the use of one or more drug therapies under 
conditions suitable for the treatment. 

In one embodiment, the invention features a method for treatment of a subject having 
tumor angiogenesis, tumor angiogenesis, cancers including but not limited to tumor and 
30 cancer types shown under Diagnosis in Table HI, ocular diseases or ocular indications such 
as diabetic retinopathy, or age related macular degeneration, rhuematoid arthritis, psoriasis 
and/or endometriosis, endometrial carcinoma, gynecologic bleeding disorders, irregular 
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menstrual cycles, ovulation, premenstrual syndrome (PMS), or menopausal dysfunction, 
comprising administering to the subject a nucleic acid molecule of the invention that 
modulates the expression and/or activity of VEGF and/or VEGFr under conditions suitable 
for the treatment 

5 In another embodiment, the invention features a method for birth control in a subject 

comprising administering to the subject a nucleic acid molecule of the invention that 
modulates the expression and/or activity of VEGF and/or VEGFr under conditions suitable 
for the treatment. 

In another embodiment, the invention features a method of cleaving KNA encoded by 
10 a VEGF, VEGFR1 and/or VEGFR2 gene comprising contacting an enzymatic nucleic acid 
molecule of the invention having endonuclease activity with RNA encoded by a VEGFR1 
and/or VEGFR2 gene under conditions suitable for the cleavage, for example, wherein the 
cleavage is carried out in the presence of a divalent cation, such as Mg2 + . 

In one embodiment, a nucleic acid molecule of the invention comprises a cap 
15 structure, for example a 3',3'-linked or 5\5Minked deoxyabasic ribose derivative, wherein 
the cap structure is at the S'-end, or 3'-end, or both the 5'-end and the 3'-end of the enzymatic 
nucleic acid molecule. 

In another embodiment, a nucleic acid molecule of the invention comprises a cap 
structure, for example a 3\3'-linked or 5 , ,5'-linked deoxyabasic ribose derivative, wherein 
20 the cap structure is at the 5'-end, or 3'-end, or both the 5'-end and the 3 '-end of the antisense 
nucleic acid molecule. 

In one embodiment, the invention features an expression vector comprising a nucleic 
acid sequence encoding at least one nucleic acid molecule of the invention such that the 
vector allows expression of the nucleic acid molecule. 

25 In another embodiment, the invention features a mammalian cell, for example, a 

human cellcomprising an expression vector of the invention. 

In yet another embodiment, an expression vector of the invention further comprises a 
sequence for a nucleic acid molecule complementary to RNA encoded by a VEGF and/or 
VEGFr, such as VEGFR1 and/or VEGFR2 gene. 
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In one embodiment, an expression vector of the invention comprises a nucleic acid 
sequence encoding two or more nucleic acid molecules of the invention, which can be the 
same or different. 

In another embodiment, the invention features a method for treatment or control of 

5 tumor angiogenesis, cancers such as breast cancer, lung cancer, colorectal cancer, renal 
cancer, pancreatic cancer, or melanoma, or ocular indications such as diabetic retinopathy, or 
age related macular degeneration, and/or endometriosis, endometrial carcinoma, gynecologic 
bleeding disorders, irregular menstrual cycles, ovulation, premenstrual syndrome (PMS), or 
menopausal dysfunction, comprising administering to a subject a nucleic acid molecule of the 

10 invention that modulates the expression and/or activity of VEGF and/or VEGFr, such as an 
enzymatic nucleic acid molecule, antisense nucleic acid molecule, 2-5A antisense chimera, 
triplex forming oligonucleotide, decoy RNA, dsRNA, siRNA, aptamer, or antisense nucleic 
acid containing nucleic acid cleaving chemical groups of the invention, under conditions 
suitable for the treatment, including administering to the subject one or more other therapies, 

15 for example, 5-fluoro uridine, Leucovorin, Irinotecan (CAMPTOSAR® or CPT-11 or 
Camptothecin-11 or Campto), Paclitaxel, or CarboplatinGnRH (gonadotropin releasing 
hormone) agonists, Lupron Depot (Leuprolide Acetate), Synarel (naferalin acetate), Zolodex 
(goserelin acetate), Suprefact (buserelin acetate), Danazol, or oral contraceptives including 
but not limited to Depo-Provera or Provera (medroxyprogesterone acetate), or any other 

20 estrogen/progesterone contraceptive. 

In one embodiment, the method of treatment features a nucleic acid molecule of the 
invention, such as an enzymatic nucleic acid or antisense nucleic acid molecule, that 
comprises at least five ribose residues, at least ten 2'-0-methyl modifications, and a 3'- end 
modification, such as a 3' -3* inverted abasic moiety. In another embodiment, a nucleic acid 
25 molecule of the invention further comprises phosphorothioate linkages on at least three of the 
5 1 terminal nucleotides. 

In another embodiment, the invention features a method of administering to a mammal, 
for example a human, an enzymatic nucleic acid molecule, antisense nucleic acid molecule, 2- 
5 A antisense chimera, triplex forming oligonucleotide, decoy KNA, dsKNA, siRNA, aptamer, 
30 or antisense nucleic acid containing nucleic acid cleaving chemical groups of the invention, 
comprising contacting the mammal with the nucleic acid molecule under conditions suitable 
for the administration, for example, in the presence of a delivery reagent such as a lipid, 
cationic lipid, phospholipid, or liposome. 
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In yet another embodiment, the invention features a method of administering to a 
mammal an enzymatic nucleic acid molecule, antisense nucleic acid molecule, 2-5A antisense 
chimera, triplex forming oligonucleotide, decoy KNA, dsRNA, sERNA, aptamer, or antisense 
nucleic acid containing nucleic acid cleaving chemical groups of the invention in conjunction 
5 with other therapies, comprising contacting the mammal, for example a human, with the 
nucleic acid molecule and the other therapy under conditions suitable for the administration. 

In another embodiment, other therapies contemplated by the instant invention that can 
be used in conjunction with the nucleic acid molecules of the instant invention include, but 
are not limited to, 5-fluoro uridine, Leucovorin, Wnotecan (CAMPTOSAR® or CPT-11 or 
10 Camptothecin-1 1 or Campto), Paclitaxel, or Carboplatin, GnRH (gonadotropin releasing 
hormone) agonists, Lupron Depot (Leuprolide Acetate), Synarel (naferalin acetate), Zolodex 
(goserelin acetate), Suprefact (buserelin acetate), Danazol, or oral contraceptives including 
but not limited to Depo-Provera or Provera (medroxyprogesterone acetate), or other 
estrogen/progesterone contraceptive. 

15 In one embodiment, the invention features the use of an enzymatic nucleic acid 

molecule, to down-regulate the expression of VEGFR1 and/or VEGFR2 genes in the 
treatment or control of tumor angiogenesis, cancers such as breast cancer, lung cancer, 
colorectal cancer, renal cancer, pancreatic cancer, or melanoma, or ocular indications such as 
diabetic retinopathy, or age related macular degeneration, and/or endometriosis, endometrial 

20 carcinoma, gynecologic bleeding disorders, irregular menstrual cycles, ovulation, 
premenstrual syndrome (PMS), or menopausal dysfunction. Such enzymatic nucleic acid 
molecule can be in the hammerhead, NCH, G-cleaver, Amberzyme, Zinzyme, and/or 
DNAzyme motif. 

In another embodiment, the invention features the use of an enzymatic nucleic acid 
25 moleculeto down-regulate the expression of VEGF and/or VEGFr, such as VEGFR1 and/or 
VEGFR2 genes, as a method of birth control. Such enzymatic nucleic acid molecule can be 
in the hammerhead, NCH, G-cleaver, Amberzyme, Zinzyme, and/or DNAzyme motif. In one 
embodiment, the nucleic acid molecules of the invention have complementarity to the 
substrate. sequences in Tables V and VI. Examples of enzymatic nucleic acid molecules of 
30 the invention are shown in Tables V and VI. Examples of such enzymatic nucleic acid 
molecules consist essentially of sequences defined in these Tables. 

By 'Inhibit", "down-regulate", or "reduce", it is meant that the expression of the gene, 
or level of nucleic acids or equivalent nucleic acids encoding one or more proteins or protein 
subunits, or activity of one or more proteins or protein subunits, such as VEGFR1, VEGFR2 
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and/or flk-1, is reduced below that observed in the absence of the nucleic acid molecules of 
the invention. In one embodiment, inhibition, down-regulation or reduction with enzymatic 
nucleic acid molecule preferably is below that level observed in the presence of an 
enzymaticaliy inactive or attenuated molecule that is able to bind to the same site on the target 

5 nucleic acid, but is unable to cleave that nucleic acid. In another embodiment, inhibition, 
down-regulation, or reduction with antisense oligonucleotides is preferably below that level 
observed in the presence of, for example, an oligonucleotide with scrambled sequence or with 
mismatches. In another embodiment, inhibition, down-regulation, or reduction of VEGF 
and/or VEGFr, such as VEGFR1 and/or VEGFR2 with the nucleic acid molecule of the 

10 instant invention is greater in the presence of the nucleic acid molecule than in its absence. 

By "up-regulate" is meant that the expression of a gene, or level of nucleic acids or 
equivalent nucleic acids encoding one or more proteins or protein subunits, or activity of one 
or more proteins or protein subunits, such as VEGFR1 and/or VEGFR2, is greater than that 
observed in the absence of the nucleic acid molecules of the invention. For example, the 
1 5 expression of a gene, such as VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2 gene, 
can be increased in order to treat, prevent, ameliorate, or modulate a pathological condition 
caused or exacerbated by an absence or low level of gene expression. 

By "modulate" is meant that the expression of a gene, or level of nucleic acids or 
equivalent nucleic acids encoding one or more proteins or protein subunits, or activity of one 
20 or more proteins protein subunit(s) is up-regulated or down-regulated, such that the 
expression, level, of activity is greater than or less than that observed in the absence of the 
nucleic acid molecules of the invention. 

By "enzymatic nucleic acid molecule" it is meant a nucleic acid molecule which has 
complementarity in a substrate binding region to a specified gene target, and also has an 

25 enzymatic activity which is active to specifically cleave a target nucleic acid. That is, the 
enzymatic nucleic acid molecule is able to intennolecularly cleave a nucleic acid and thereby 
inactivate a target nucleic acid molecule. These complementary regions allow sufficient 
hybridization of the enzymatic nucleic acid molecule to the target nucleic acid and thus 
permit cleavage. One hundred percent complementarity is preferred, but complementarity as 

30 low as 50-75% can also be useful in this invention (see for example Werner and Uhlenbeck, 
1995, Nucleic Acids Research, 23, 2092-2096; Hammann et al, 1999, Antisense and Nucleic 
Acid Drug Dev., 9, 25-31). The nucleic acids can be modified at the base, sugar, and/or 
phosphate groups. The term enzymatic nucleic acid is used interchangeably with phrases such 
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as ribozymes, catalytic RNA, enzymatic RNA, catalytic DNA, aptazyme or aptamer-binding 
ribozyme, regulatable ribozyme, catalytic oligonucleotides, nucleozyme, DNAzyme, RNA 
enzyme, endoribonuclease, endonuclease, minizyme, leadzyme, oligozyme or DNA enzyme. 
All of these terminologies describe nucleic acid molecules with enzymatic activity. The 

5 specific enzymatic nucleic acid molecules described in the instant application are not limiting 
in the invention and those skilled in the art will recognize that all that is important in an 
enzymatic nucleic acid molecule of this invention is that it has a specific substrate binding 
site which is complementary to one or more of the target nucleic acid regions, and that it have 
nucleotide sequences within or surrounding that substrate binding site which impart a nucleic 

1 0 acid cleaving and/or ligation activity to the molecule (Cech et al, U.S. Patent No. 4,987,07 1 ; 
Cech et al, 1988, 260 JAMA 3030). 

Several varieties of naturally-occurring enzymatic nucleic acids are known presently. 
Each can catalyze the hydrolysis of nucleic acid phosphodiester bonds in trans (and thus can 
cleave other nucleic acid molecules) under physiological conditions. Table I summarizes 

1 5 some of the characteristics of these ribozymes. In general, enzymatic nucleic acids act by first 
binding to a target nucleic acid. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic portion of the 
molecule that acts to cleave the target nucleic acid. Thus, the enzymatic nucleic acid first 
recognizes and then binds a target nucleic acid through complementary base-pairing, and once 

20 bound to the correct site, acts enzymatically to cut the target nucleic acid. Strategic cleavage 
of such a target nucleic acid will destroy its ability to direct synthesis of an encoded protein. 
After an enzymatic nucleic acid has bound and cleaved its nucleic acid target, it is released 
from that nucleic acid to search for another target and can repeatedly bind and cleave new 
targets. Thus, a single ribozyme molecule is able to cleave many molecules of target nucleic 

25 acid. In addition, the ribozyme is a hi^ily specific inhibitor of gene expression, with the 
specificity of inhibition depending not only on the base-pairing mechanism of binding to the 
target nucleic acid, but also on the mechanism of target nucleic acid cleavage. Single 
mismatches, or base-substitutions, near the site of cleavage can completely eliminate catalytic 
activity of a ribozyme. 

30 In one embodiment of the inventions described herein, an enzymatic nucleic acid 

molecule of the invention is formed in a hammerhead or hairpin motif, but can also be formed 
in the motif of a hepatitis delta virus, group I intron, group E intron or KNase P RNA (in 
association with an RNA guide sequence), Neurospora VS RNA, DNAzymes, NCH cleaving 
motifs, or G-cleavers. Examples of such hammerhead motifs are described by Dreyfus, 

35 supra, Rossi et aL, 1992, AIDS Research and Human Retroviruses 8, 183; of hairpin motifs 
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by Hampel et al, EP0360257, Hampel and Trite, 1989 Biochemistry 28, 4929, Feldstein et 
al., 1989, Gene 82, 53, Haseloff and Gerlach, 1989, Gene, 82, 43, and Hampel et al t 1990 
Nucleic Acids Res. 18, 299; Chowrira & McSwiggen, US. Patent No. 5,631,359; an examples 
of a hepatitis delta virus motif is described by Perrotta and Been, 1992 Biochemistry 31, 16; 

5 examples of RNase P motifs are described by Gueirier-Takada et al, 1983 Cell 35, 849; 
Forster and Altman, 1990, Science 249, 783; Li and Altman, 1996, Nucleic Acids Res, 24, 
835; examples of Neurospora VS RNA ribozyme motifs aie described by Collins (Saville and 
Collins, 1990 Cell 61, 685-696; Saville and Collins, 1991 Proa Natl Acad. ScU USA 88, 
8826-8830; Collins and Olive, 1993 Biochemistry 32, 2795-2799; Guo and Collins, 1995, 

1 0 EMBO. J. 14, 363); examples of Group II introns are described by Griffin et al, 1995, Chem. 
Biol 2, 761; Michels and Pyle, 1995, Biochemistry 34, 2965; Pyle et al, International PCT 
Publication No. WO 96/22689; an example of a Group I intron is described by.Cech et al, 
U.S. Patent 4,987,071; and examples of DNAzymes are described by Usman et al t 
International PCT Publication No. WO 95/11304; Chartrand et al, 1995, NAR 23, 4092; 

1 5 Breaker et al, 1995, Chem. Bio. 2, 655; Santoro et al, 1997, PNAS 94, 4262, and Beigelman 
et al, International PCT publication No. WO 99/55857. NCH cleaving motifs are described 
in Ludwig & Sproat, International PCT Publication No. WO 98/58058; and G-cleavers are 
described in Kore et al, 1998, Nucleic Acids Research 26, 4116-4120 and Eckstein et al, 
International PCT Publication No. WO 99/16871. Additional motifs such as the Aptazyme 

20 (Breaker et al, WO 98/43993), Ambeizyme (Beigelman et al, U.S. Serial No. 09/301,511) 
and Zinzyme (Figure 7) (Beigelman et al, U.S. Serial No. 09/918,728), all included by 
reference herein including drawings, can also be used in the present invention. These specific 
motifs or configurations are not limiting in the invention and those skilled in the art will 
recognize that all that is important in an enzymatic nucleic acid molecule of this invention is 

25 that it have a specific substrate binding site which is complementary to one or more of the 
target gene RNA regions, and that it have nucleotide sequences within or surrounding that 
substrate binding site which impart a RNA cleaving activity to the molecule (Cech et al, U.S. 
Patent No. 4,987,071). 

By "nucleic acid molecule" as used herein is meant a molecule having nucleotides. The 
30 nucleic acid can be single, double, or multiple stranded and can comprise modified or 
unmodified nucleotides or non-nucleotides or various mixtures and combinations thereof 



By "enzymatic portion" or "catalytic domain" is meant that portion/region of a 
enzymatic nucleic arid molecule essential for cleavage of a nucleic acid substrate (for 
example see Figure 6). 
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By "substrate binding arm" or "substrate binding domain" is meant that portion/region 
of a enzymatic nucleic acid which is able to interact, for example via complementarity (/.£?., 
able to base-pair with), with a portion of its substrate. Preferably, such complementarity is 
100%, but can be less if desired For example, as few as 10 bases out of 14 can be base-paired 

5 (see for example Werner and Uhlenbeck, 1995, Nucleic Acids Research, 23, 2092-2096; 
Hammann et al, 1999, Antisense and Nucleic Acid Drug Dev., 9, 25-31). Examples of such 
arms are shown generally in Figures 6-8. That is, these arms contain sequences within a 
enzymatic nucleic acid which are intended to bring enzymatic nucleic acid and target nucleic 
acid together through complementary base-pairing interactions. An enzymatic nucleic acid of 

10 the invention can have binding arms that are contiguous or non-contiguous and can be of 
varying lengths. The length of the binding arm(s) are preferably greater than or equal to four 
nucleotides and of sufficient length to stably interact with the target nucleic acid; preferably 
12-100 nucleotides; more preferably 14-24 nucleotides long (see for example Werner and 
Uhlenbeck, supra; Hamman et al, supra; Hampel et al, EP0360257; Beizal-Herranz et al, 

1 5 1993, EMBO J., 12, 2567-73) or between 8 and 14 nucleotides long. If two binding arms are 
chosen, the design is such that the length of the binding arms are symmetric^ (i.e. t each of 
the binding arms is of the same length; e.g., four and four, five and five nucleotides, or six 
and six nucleotides, or seven and seven nucleotides long) or asymmetrical {Le., the binding 
arms are of different length; e.g. t three and five, six and three nucleotides; three and six 

20 nucleotides long; four and five nucleotides long; four and six nucleotides long; four and seven 
nucleotides long; and the like). 

By "Inozyme" or "NCH" motif or configuration is meant, an enzymatic nucleic acid 
molecule comprising amotif as is generally described as NCH Rz in Figare 6 and in Ludwig 
et al, International PCT Publication No. WO 98/58058 and US Patent Application Serial No. 

25 08/878,640. Inozyrnes possess endonuclease activity to cleave nucleic acid substrates having 
a cleavage triplet NCH/, where N is a nucleotide, C is cytidine and H is adenosine, uridine or 
cytidine, and g T represents the cleavage site. H is used interchangeably with X. Inozyrnes 
can also possess endonuclease activity to cleave nucleic acid substrates having a cleavage 
triplet NCN/, where N is a nucleotide, C is cytidine, and T represents the cleavage site. *T 

30 in Figure 6 represents an Inosine nucleotide, preferably a ribo-Inosine or xylo-Inosine 
nucleoside. 

By "G-cleaver" motif or configuration is meant, an enzymatic nucleic acid molecule 
comprising a motif as is generally described as G-cleaver Rz in Figure 6 and in Eckstein et 
al, US 6,127,173. G-cleavers possess endonuclease activity to cleave nucleic acid substrates 
35 having a cleavage triplet NYN/, where N is a nucleotide, Y is uridine or cytidine and "/" 



- V 



WO 02/096927 



PCT/US02/17674 



19 

represents the cleavage site. G-cleavers can be chemically modified as is generally shown in 
Figure 6. 

By "amberzyme" motif or configuration is meant, an enzymatic nucleic acid molecule 
comprising a motif as is generally described in Beigelman et al, International PCT 
5 publication No. WO 99/55857 and US Patent Application Serial No. 09/476387. 
Amberzymes possess endonuclease activity to cleave nucleic acid substrates having a 
cleavage triplet NG/N, where N is a nucleotide, G is guanosine, and *T represents the 
cleavage site. Amberzymes can be chemically modified to increase nuclease stability through 
substitutions using modified nucleotides. In addition, differing nucleoside and/or non- 
10 nucleoside linkers can be used to substitute the 5'-gaaa-3' loops shown in the figure. 
Amberzymes represent a non-limiting example of an enzymatic nucleic acid molecule that 
does not require a ribonucleotide (2 , -OH) group within its own nucleic acid sequence for 
activity. 

By "zanzyme" motif or configuration is meant, an enzymatic nucleic acid molecule 
1 5 comprising a motif as is generally described in Figure 7 and in Beigelman et al, International 
PCT publication No. WO 99/55857 and US Patent Application Serial No. 09/918,728. 
Zinzymes possess endonuclease activity to cleave nucleic acid substrates having a cleavage 
triplet including but not limited to YG/Y, where Y is uridine or cytidine, and G is guanosine 
and "/" represents the cleavage site. Zinzymes can be chemically modified to increase 
20 nuclease stability through substitutions as are generally shown in Figure 7, including 
substituting 2*-0-methyi guanosine nucleotides for guanosine nucleotides. In addition, 
differing nucleotide and/or non-nucleotide linkers can be used to substitute the 5*-gaaa-2' 
loop shown in the figure. Zinzymes represent a non-limiting example of an enzymatic nucleic 
acid molecule that does not require a ribonucleotide (2'-OH) group within its own nucleic 
25 acid sequence for activity. 

By 'DNAzyme' is meant, an enzymatic nucleic acid molecule that does not require the 
presence of a 2*-OH group within its own nucleic acid sequence for activity. In particular 
embodiments the enzymatic nucleic acid molecule can have an attached linker or linkers or 
other attached or associated groups, moieties, or chains containing one or more nucleotides 
30 with 2'-OH groups. DNAzymes can be synthesized chemically or expressed endogenously in 
vivo, by means of a single stranded DNA vector or equivalent thereof An example of a 
DNAzyme is shown in Figure 8 and is generally reviewed in Usman et al, US patent No., 
6,159,714; Chartrand et al, 1995, NAR 23, 4092; Breaker et al, 1995, Chem. Bio. 2, 655; 
Santoro et al, 1997, PNAS 94, 4262; Breaker, 1999, Nature Biotechnology, 17, 422-423; and 
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Saatoro et al, 2000, J. Am. Chem. Soc, 122, 2433-39. The "10-23" DNAzyme motif is one 
particular type of DNAzyme that was evolved using in vitro selection, see Santoro et al t 
supra and as generally described in Joyce et al t US 5,807,718. Additional DNAzyme motifs 
can be selected for using techniques similar to those described in these references, and hence, 
5 are within the scope of the present invention. 

By "sufficient length" is meant a nucleic acid molecule of the invention is long enough 
to provide the intended function under the expected condition. For example, a nucleic acid 
molecule of the invention needs to be of "sufficient length" to provide stable interaction with 
a target nucleic acid molecule under the expected binding conditions and environment In 
1 0 another non-limiting example, for the binding arms of an enzymatic nucleic acid, "sufficient 
length" means that the binding arm sequence is long enough to provide stable binding to a 
target site under the expected reaction conditions and environment. The binding arms are not 
so long as to prevent useful turnover of the nucleic acid molecule. 

By "stably interacf 9 is meant interaction of an oligonucleotides with target nucleic acid 
15 (e.g., by forming hydrogen bonds with complementary nucleotides in the target under 
physiological conditions) that is sufficient to the intended purpose (e.g., cleavage of target 
nucleic acid by an enzyme). 

By "equivalent" RNA to VEGF, VEGFR1 and/or VEGFR2 is meant to include nucleic 
acid molecules having homology (partial or complete) to a nucleic acid encoding VEGF, 
20 VEGFR1 and/or VEGFR2 proteins or encoding proteins with similar function as VEGF, 
VEGFR1 and/or VEGFR2 proteins in various organisms, including human, rodent, primate, 
rabbit, pig, protozoans, fungi, plants, and other microorganisms and parasites. The equivalent 
nucleic acid sequence also includes, in addition to the coding region, regions such as 5'- 
untranslated region, 3 '-untranslated region, introns, intron-exon junction and the like. 

25 By ''homology" is meant the nucleotide sequence of two or more nucleic acid molecules 

is partially or completely identical. 

By "antisense nucleic acid", it is meant a non-enzymatic nucleic acid molecule that 
binds to target nucleic acid by means of RNA-RNA or RNA-DNA or RNA-PNA (protein 
nucleic acid; Egholm et al, 1993 Nature 365, 566) interactions and alters the activity of the 
30 target nucleic acid (for a review, see Stein and Cheng, 1993 Science 261, 1004 and Woolf et 
al, US patent No. 5,849,902). Typically, antisense molecules are complementary to a target 
sequence along a single contiguous sequence of the antisense molecule. However, in certain 
embodiments, an antisense molecule can bind to substrate such that the substrate molecule 



WO 02/096927 



PCT/US02/17674 



forms a loop, and/or an antisense molecule can bind such that the antisense molecule forms a 
loop. Thus, an antisense molecule can be complementary to two (or even more) non- 
contiguous substrate sequences or two (or even more) non-contiguous sequence portions of 
an antisense molecule can be complementary to a target sequence or both. For a review of 

5 current antisense strategies, see Schmajuk et al, 1999, J. Biol Chem., 274, 21783-21789, 
Delihas et al, 1997, Nature, 15, 751-753, Stein et al, 1997, Antisense N. A. Drug Dev., 7, 
151, Crooke, 2000, Methods Enzymol, 313, 3-45; Crooke, 1998, Biotech. Genet. Eng. Rev., 
15, 121-157, Crooke, 1997, Ad. Pharmacol, 40, 1-49. In addition, antisense DNA can be 
used to target nucleic acid by means of DNA-RNA interactions, thereby activating RNase H, 

10 which digests the target nucleic acid in the duplex. The antisense oligonucleotides can 
comprise one or more RNAse H activating region, which is capable of activating KNAse H 
cleavage of a target nucleic acid. Antisense DNA can be synthesized chemically or expressed 
via the use of a single stranded DNA expression vector or equivalent thereof. 

By "RNase H activating region" is meant a region (generally greater than or equal to 4- 

15 25 nucleotides in length, preferably from 5-11 nucleotides in length) of a nucleic acid 
molecule capable of binding to a target nucleic acid to form a non-covalent complex that is 
recognized by cellular RNase H enzyme (see for example Arrow et al, US 5,849,902; Arrow 
et al, US 5,989,912). The RNase H enzyme binds to a nucleic acid molecule-target nucleic 
acid complex and cleaves the target nucleic acid sequence. The RNase H activating region 

20 comprises, for example, phosphodiester, phosphorothioate (preferably at least four of the 
nucleotides are phosphorothiote substitutions; more specifically, 4-11 of the nucleotides are 
phosphorothiote substitutions); phosphorodithioate, 5'-thiophosphate, or methylphosphonate 
backbone chemistry or a combination thereof. In addition to one or more backbone 
chemistries described above, the RNase H activating region can also comprise a variety of 

25 sugar chemistries. For example, the RNase H activating region can comprise deoxyribose, 
arabino, fluoroarabino or a combination thereof, nucleotide sugar chemistry. Those skilled in 
the art will recognize that the foregoing are non-limiting examples and that any combination 
of phosphate, sugar and base chemistry of a nucleic acid that supports the activity of RNase H 
enzyme is within the scope of the definition of the RNase H activating region and the instant 

30 invention. 

By "2-5A antisense chimera" is meant an antisense oligonucleotide containing a 5- 
phosphoryiated 2 , -5'-linked adenylate residue. These chimeras bind to target nucleic acid in a 
sequence-specific manner and activate a cellular 2-5 A-dependent ribonuclease which, in turn, 
cleaves the target nucleic acid (Torrence et al, 1993 Proc. Natl Acad. Sci. USA 90, 1300; 
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Silverman et aU 2000, Methods Enzymol, 313, 522-533; Player and Torrence, 1998, 
Pharmacol Ther., 78, 55-113). 

By "triplex forming oligonucleotides" is meant an oligonucleotide that can bind to a 
double-stranded polynucleotide, such as DNA, in a sequence-specific manner to form a triple- 
5 strand helix. Formation of such triple helix structure has been shown to inhibit transcription 
of the targeted gene (Duval-Valentin et aL $ 1992 Proc. Natl Acad. Set USA 89, 504; Fox, 
2000, Curr. Med Chem., 7, 17-37; Praseuth et al, 2000, Biochim. Biophys. Acta, 1489, 181- 
206). 

By "gene" it is meant a nucleic acid that encodes an KNA, for example, nucleic acid 
1 0 sequences including but not limited to structural genes encoding a polypeptide. 

The term "complementarity" as used herein refers to the ability of a nucleic acid to form 
hydrogen bond(s) with another nucleic acid sequence by either traditional Watson-Crick or 
other non-traditional types. In reference to nucleic molecules of the present invention, the 
binding free energy for a nucleic acid molecule with its target or complementary sequence is 

1 5 sufficient to allow the relevant function of the nucleic acid to proceed, e.g., enzymatic nucleic 
acid cleavage, antisense or triple helix inhibition. Determination of binding free energies for 
nucleic acid molecules is well known in the art (see, e.g., Turner et al, 1987, CSH Symp. 
Quant Biol LH pp.123-133; Frier et al, 1986, Proc. Nat Acad. Set USA 83:9373-9377; 
Turner et al, 1987, J. Am. Chem. Soc. 109:3783-3785). A percent complementarity indicates 

20 the percentage of contiguous residues in a nucleic acid molecule which can form hydrogen 
bonds (e.g., Watson-Crick base pairing) with a second nucleic acid sequence (e.g., 5, 6, 7, 8, 
9, 10 out of 10 being 50%, 60%, 70%, 80%, 90%, and 100% complementary). "Perfectly 
complementary" means that all the contiguous residues of a nucleic acid sequence will 
hydrogen bond with the same number of contiguous residues in a second nucleic acid 

25 sequence. 

By "KNA" is meant a molecule comprising at least one ribonucleotide residue. By 
"ribonucleotide" or "2'-OH" is meant a nucleotide with a hydroxyl group at the 2' position of 
a P-D-ribo-furanose moiety. 

By "nucleic acid decoy molecule", or "decoy' as used herein is meant a nucleic acid 
30 molecule that mimics the natural binding domain for a ligand. The decoy therefore competes 
with the natural binding target for the binding of a specific ligand. For example, it has been 
shown that over-expression of HIV trans-activation response (TAR) KNA can act as a 
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"decoy" and efficiently binds HIV tat protein, thereby preventing it from binding to TAR 
sequences encoded in the HIV RNA (Sullenger et al., 1990, Celt, 63, 601-608). 

By "aptamer" or "nucleic acid aptamer" as used herein is meant a nucleic acid molecule 
that binds specifically to a target molecule wherein the nucleic acid molecule has sequence 
5 mat is distinct from sequence recognized by the target molecule in its natural setting. 
Alternately, an aptamer can be a nucleic acid molecule that binds to a target molecule where 
the target molecule does not naturally bind to a nucleic acid. The target molecule can be any 
molecule of interest. For example, the aptamer can be used to bind to a ligand binding domain 
of a protein, thereby preventing interaction of the naturally occurring ligand with the protein. 
10 Similarly, the nucleic acid molecules of the instant invention can bind to VEGFR1 or 
VEGFR2 receptors to block activity of the receptor. This is a non-limiting example and those 
in the art will recognize that other embodiments can be readily generated using techniques 
generally known in the art, see for example Gold et al., US 5,475,096 and 5,270,163; Gold et 
al, 1995, Armu. Rev. Biochem., 64, 763; Brody and Gold, 2000, J. BiotechnoL, 74, 5; Sun, 
15 2000, Curr. Opin. Mol. Ther., 2, 100; Kusser, 2000, J. BiotechnoL, 74, 27; Hermann and 
Patel, 2000, Science, 287, 820; and Jayasena, 1999, Clinical Chemistry, 45, 1628. 

The term "double stranded RNA" or "dsRNA" as used herein refers to a double 
stranded RNA molecule capable of RNA interference "RNAi", including short interfering 
RNA "siRNA" see for example Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, 

20 Nature, 411, 494-498; and Kreutzer et al., International PCT Publication No. WO 00/44895; 
Zemicka-Goetz et al, International PCT Publication No. WO 01/36646; Fire, International 
PCT Publication No. WO 99/32619; Plaetinck et al, lhtemational PCT Publication No. WO 
00/01846; Mello and Fire, International PCT Publication No. WO 01/29058; Deschamps- 
Depaillette, International PCT Pubhcation No. WO 99/07409; and Li et al, International PCT 

25 Pubhcation No. WO 00/44914. 

By "nucleic acid sensor molecule" or "allozyme" as used herein is meant a nucleic 
acid molecule comprising an enzymatic domain and a sensor domain, where the enzymatic 
nucleic acid domain's ability to catalyze a chemical reaction is dependent on ihe interaction 
with a target signaling molecule, such as a nucleic acid, polynucleotide, oligonucleotide, 
30 peptide, polypeptide, or protein, for example VEGF, VEGFR1 and/or VEGFR2. The 
introduction of chemical modifications, additional functional groups, and/or linkers, to the 
nucleic acid sensor molecule can provide enhanced catalytic activity of the nucleic acid 
sensor molecule, increased binding affinity of the sensor domain to a target nucleic acid, 
and/or improved nuclease/chemical stability of the nucleic acid sensor molecule, and are 
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hence within the scope of the present invention (see for example Usman et al, US Patent 
Application No. 09/877,526, George et aL t US Patent Nos. 5,834,186 and 5,741,679, Shih et 
al., US Patent No. 5,589,332, Nathan et al, US Patent No 5,871,914, Nathan and Ellington, 
International PCT publication No. WO 00/24931, Breaker et al, International PCT 
5 Publication Nos. WO 00/26226 and 98/27104, and SuUenger et al, US Patent Application 
Serial No. 09/205,520). 

By "sensor component" or "sensor domain" of the nucleic acid sensor molecule as 
used herein is meant, a nucleic acid sequence (e.g., RNA or DNA or analogs thereof) which 
interacts with a target signaling molecule, for example a nucleic acid sequence in one or more 

10 regions of a target nucleic acid molecule or more than one target nucleic acid molecule, and 
which interaction causes the enzymatic nucleic acid component of the nucleic acid sensor 
molecule to either catalyze a reaction or stop catalyzing a reaction. In the presence of target 
signaling molecule of the invention, such as VEGF, VEGFR1 and/or VEGFR2, the ability of 
the sensor component, for example, to modulate the catalytic activity of the nucleic acid 

1 5 sensor molecule, is inhibited or diminished. The sensor component can comprise recognition 
properties relating to chemical or physical signals capable of modulating the nucleic acid 
sensor molecule via chemical or physical changes to the structure of the nucleic acid sensor 
molecule. The sensor component can be derived from a naturally occurring nucleic acid 
binding sequence, for example, RNAs that bind to other nucleic acid sequences in vivo. 

20 Alternately, the sensor component can be derived from a nucleic acid molecule (aptamer) 
which is evolved to bind to a nucleic acid sequence within a target nucleic acid molecule (see 
for example Gold et al, US 5,475,096 and 5,270,163). The sensor component can be 
covalently linked to the nucleic acid sensor molecule, or can be non-covalently associated. A 
person skilled in the art will recognize that all that is required is that the sensor component is 

25 able to selectively inhibit the activity of the nucleic acid sensor molecule to catalyze a 
reaction. 

By 'target molecule" or 'target signaling molecule" is meant a molecule capable of 
interacting with a nucleic acid sensor molecule, specifically a sensor domain of a nucleic acid 
sensor molecule, in a manner that causes the nucleic acid sensor molecule to be active or 

30 inactive. The interaction of the signaling agent with a nucleic acid sensor molecule can result 
in modification of the enzymatic nucleic acid component of the nucleic acid sensor molecule 
via chemical, physical, topological, or conformational changes to the structure of the 
molecule, such that the activity of the enzymatic nucleic acid component of the nucleic acid 
sensor molecule is modulated, for example is activated or deactivated. Signaling agents can 

35 comprise target signaling molecules such as macromolecules, ligands, small molecules, 



WO 02/096927 



PCT7US02/17674 



25 

metals and ions, nucleic acid molecules including but not limited to RNA and DNA or 
analogs thereof, proteins, peptides, antibodies, polysaccharides, lipids, sugars, microbial or 
cellular metabolites, pharmaceuticals, and organic and inorganic molecules in a purified or 
unpurified form, for example VEGF, VEGFR1 and/or VEGFR2. 

5 The term "triplex forming oligonucleotides" as used herein refers to an oligonucleotide 

that can bind to a double-stranded DNA in a sequence-specific manner to form a triple-strand 
helix. Formation of such a triple helix structure has been shown to inhibit transcription of a 
targeted gene (Duval-Valentin et al, 1992 Proc. Natl Acad. Sci. USA 89, 504; Fox, 2000, 
Curr. Med. Chem., 7, 17-37; Praseuth et. al, 2000, Biochim. Biophys. Acta, 1489, 181-206). 

1 0 The nucleic acid molecules that modulate the expression of VEGF and/or VEGFr, such 

as VEGFR1 and/or VEGFR2 specific nucleic acids, represent a novel therapeutic approach to 
treat or control a variety of angiogenesis related disorders and conditions, including but not 
limited to tumor angiogenesis, cancers such as breast cancer, lung cancer, colorectal cancer, 
renal cancer, pancreatic cancer, or melanoma, or ocular indications such as diabetic 

15 retinopathy, or age related macular degeneration, and/or endometriosis, endometrial 
carcinoma, gynecologic bleeding disorders, irregular menstrual cycles, ovulation, 
premenstrual syndrome (PMS), and/or menopausal dysfunction. The nucleic acid molecules 
that modulate the expression of VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2 
specific nucleic acids also represent a novel approach to control ovulation or embryonic 

20 implantation and therefore provide a novel means of birth control 

In one embodiment of the present invention, a nucleic acid molecule of the instant 
invention can be between 12 and 100 nucleotides in length. An exemplary enzymatic nucleic 
acid molecule of the invention is shown as Formula 1 and/or Formula II. For example, 
enzymatic nucleic acid molecules of the invention are preferably between 15 and 50 

25 nucleotides in length, more preferably between 25 and 40 nucleotides in length, e.g., 34, 36, 
or 38 nucleotides in length (for example see Jarvis et aL, 1996, /. Biol Chem., 271, 29107- 
291 12). Exemplary DNAzymes of the invention are preferably between 15 and 40 nucleotides 
in length, more preferably between 25 and 35 nucleotides in length, e.g., 29, 30, 31, or 32 
nucleotides in length (see for example Santoro et al., 1998, Biochemistry, 37, 13330-13342; 

30 Chartrand et al, 1995, Nucleic Acids Research, 23, 4092-4096). Exemplary antisense 
molecules of the invention are preferably between 15 and 75 nucleotides in length, more 
preferably between 20 and 35 nucleotides in length, e.g, 25, 26, 27, or 28 nucleotides in 
length (see for example Woolf et al, 1992, PNAS., 89, 7305-7309; Milner et al, 1997, 
Nature Biotechnology, 15, 537-541). Exemplary triplex forming oligonucleotide molecules 

35 of the invention are preferably between 10 and 40 nucleotides in length, more preferably 
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between 12 and 25 nucleotides in length, ag., 18, 19, 20, or 21 nucleotides in length (see for 
example Maher et al, 1990, Biochemistry, 29, 8820-8826; Strobel and Dervan, 1990, 
Science, 249, 73-75). Those skilled in the art will recognize that all that is required is that the 
nucleic acid molecule be of length and conformation sufficient and suitable for the nucleic 
5 acid molecule to catalyze a reaction contemplated herein. The length of the nucleic acid 
molecules of the instant invention are not limiting within the general limits stated. 

In a preferred embodiment, a nucleic acid molecule that modulates, for example, 
down-regulates, VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2 replication or 
expression comprises between 8 and 100 bases complementary to a nucleic acid molecule of 
10 VEGFR1 and/or VEGFR2. More preferably, a nucleic acid molecule that modulates VEGF 
and/or VEGFr, such as VEGFR1 and/or VEGFR2 replication or expression comprises 
between 14 and 24 bases complementary to a nucleic acid molecule of VEGFR1 and/or 
VEGFR2. 

The invention provides a method for producing a class of nucleic acid-based gene 
1 5 modulating agents which exhibit a high degree of specificity for the nucleic acid of a desired 
target. For example, a nucleic acid molecule of the invention is preferably targeted to a 
highly conserved sequence region of target nucleic acids encoding VEGF and/or VEGFr, such 
as VEGFR1 and/or VEGFR2 (specifically VEGF, VEGFR1 and/or VEGFR2 genes) such that 
specific treatment of a disease or condition can be provided wife either one or several nucleic 
20 acid molecules of the invention. Such nucleic acid molecules can be delivered exogenously 
to specific tissue or cellular targets as required. Alternatively, the nucleic acid molecules can 
be expressed from DNA and/or RNA vectors that are delivered to specific cells. 

As used in herein "cell" is used in its usual biological sense, and does not refer to an 
entire multicellular organism. The cell can, for example, be in vitro, e.g., in cell culture, or 
25 present in a multicellular organism, including,, e.g., birds, plants and mammals such as 
humans, cows, sheep, apes, monkeys, swine, dogs, and cats. The cell may be prokaryotic 
(e.g., bacterial cell) or eukaryotic (e.g., mammalian or plant cell). 

By "VEGFR1 and/or VEGFR2 proteins'* is meant, protein receptor or a mutant protein 
derivative thereof, having vascular endothelial growth factor receptor activity, for example, 
30 having the ability to bind vascular endothelial growth factor and/or having tyrosine kinase 
activity. 
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By "highly conserved sequence region" is meant, a nucleotide sequence of one or more 
regions in a target gene does not vary significantly from one generation to the other or from 
one biological system to the other. 

"Angiogenesis" refers to formation of new blood vessels which is an essential process 
5 in reproduction, development and wound repair. "Tumor angiogenesis" refers to Hie 
induction of the growth of blood vessels from surrounding tissue into a solid tumor. Tumor 
growth and tumor metastasis are dependent on angiogenesis (for a review see Folkman, 1985 
supra; Folkman 1990 J. Natl Cancer Inst, 82, 4; Folkman and Shing, 1992 J. Biol Chem. 
267, 10931). 

10 Angiogenesis plays an important role in other diseases such as arthritis wherein new 

blood vessels have been shown to invade the joints and degrade cartilage (Folkman and 
Shing, supra). 

"Retinopathy" refers to inflammation of the retina and/or degenerative condition of the 
retina which may lead to occlusion of the retina and eventual blindness. In "diabetic 
15 retinopathy 1 angiogenesis causes the capillaries in the retina to invade the vitreous resulting 
in bleeding and blindness which is also seen in neonatal retinopathy (for a review see 
Folkman, 1985 supra; Folkman 1990 supra; Folkman and Shing, 1992 supra). 

Nucleic acid-based inhibitors of VEGF and/or VEGFr, such as VEGFR1 and/or 
VEGFR2, expression are useful for the prevention, treatment, and/or control of angiogenesis 

20 related disorders and conditions, including but not limited to, tumor angiogenesis, cancers 
such as breast cancer, lung cancer, colorectal cancer, renal cancer, pancreatic cancer, or 
melanoma, or ocular indications such as diabetic retinopathy, or age related macular 
degeneration, and/or endometriosis, endometrial carcinoma, gynecologic bleeding disorders, 
irregular menstrual cycles, ovulation, premenstrual syndrome (PMS), menopausal 

25 dysfunction, and other diseases or conditions that are related to or will respond to the levels of 
VEGF, VEGFR1 and/or VEGFR2 in a cell or tissue, alone or in combination with other 
therapies. The reduction of VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2 
expression (specifically VEGF, VEGFR1 and/or VEGFR2 gene RNA levels) and thus 
reduction in the level of the respective protein relieves, to some degree, the symptoms of the 

30 disease or condition. Nucleic acid-based inhibitors of VEGF and/or VEGFr, such as 
VEGER1 and/or VEGFR2 expression are also useful as birth control agents, for example by 
inhibition of ovulation or embryonic uterine implantation. 
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The nucleic acid molecules of the invention can be added directly, or can be complexed 
with cattonic lipids, packaged within liposomes, or otherwise delivered to target cells or 
tissues. The nucleic acid complexes can be locally administered to relevant tissues ex vivo, or 
in vivo through injection or infusion pump, with or without their incorporation in 
5 biopolymers. In preferred embodiments, the nucleic acid inhibitors comprise sequences, 
which are complementary to polynucleotides, for example DNA and RNA, having VEGF 
and/or VEGFr, such as VEGFR1 and/or VEGFR2 sequence. 

Triplex molecules of the invention can be provided targeted to DNA target regions, and 
containing the DNA equivalent of a target sequence or a sequence complementary to the 

10 specified target (substrate) sequence. Antisense molecules typically are complementary to a 
target sequence along a single contiguous sequence of the antisense molecule. However, in 
certain embodiments, an antisense molecule can bind to substrate such that the substrate 
molecule forms a loop, and/or an antisense molecule can bind such that the antisense 
molecule forms a loop. Thus, the antisense molecule can be complementary to two (or even 

15 more) non-contiguous substrate sequences or two (or even more) non-contiguous sequence 
portions of an antisense molecule can be complementary to a target sequence or both. 

By "consists essentially of is meant that the active nucleic acid molecule of the 
invention, for example, an enzymatic nucleic acid molecule, contains an enzymatic center or 
core equivalent to those in the examples, and binding arms able to bind nucleic acid such that 

20 cleavage at the target site occurs. Other sequences can be present which do not interfere with 
such cleavage. Thus, a core region can, for example, include one or more loop, stem-loop 
structure, or linker which does not prevent enzymatic activity. Thus, a particular region of a 
nucleic acid molecule of the invention can be such a loop, stem-loop, nucleotide linker, 
and/or non-nucleotide linker and can be represented generally as sequence "X". Thus, a core 

25 region may, for example, include one or more loop or stem-loop structures which do not 
prevent enzymatic activity. For example, a core sequence for a hammerhead enzymatic 
nucleic acid can comprise a conserved sequence, such as 5*-CUGAUGAG-3' and 5 '-COAL- 
S' connected by "X", where X is S' -GCCGUUAGGC^ (SEQ ID NO 5979), or any other 
Stem II region known in the art, or a nucleotide and/or non-nucleotide linker. Similarly, for 

30 other nucleic acid molecules of the instant invention, such as Ihozyme, G-cleaver, 
amberzyme, zinzyme, DNAzyme, antisense, 2-5A antisense, triplex forming nucleic acid, 
aptamers, decoy nucleic acids, dsKNA or siRNA, other sequences or non-nucleotide linkers 
can be present that do not interfere with the function of the nucleic acid molecule. 



WO 02/096927 



PCT/US02/17674 



29 

Sequence X can be a linker of 1 2 nucleotides in length, preferably 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 26, 30, where the nucleotides can preferably be internally base-paired to form a stem 
of preferably £ 2 base pairs. Alternatively or in addition, sequence X can be a non-nucleotide 
linker. In yet another embodiment, the nucleotide linker X can be a nucleic acid aptamer, such 

5 as an ATP aptamer, HIV Rev aptamer (RRE), HIV Tat aptamer (TAR) and others (for a 
review see Gold et aL, 1995, Annu. Rev. Biochem., 64, 763; and Szostak & Ellington, 1993, 
in The RNA World, ed. Gesteland and Atkins, pp. 511, CSH Laboratory Press). A nucleic 
acid aptamer includes a nucleic acid sequence capable of interacting with a ligand The ligand 
can be any natural or a synthetic molecule, including but not limited to a resin, metabolites, 

10 nucleosides, nucleotides, drugs, toxins, transition state analogs, peptides, lipids, proteins, 
amino acids, nucleic acid molecules, hormones, carbohydrates, receptors, cells, viruses, 
bacteria and others. 

In yet another embodiment, the non-nucleotide linker X is as defined herein. The term 
"non-nucleotide" as used herein include either abasic nucleotide, polyether, polyamine, 

15 polyamide, peptide, carbohydrate, lipid, or polyhydrocarbon compounds. Specific examples 
include those described by Seela and Kaiser, Nucleic Acids Res. 1990, 75:6353 and Nucleic 
Acids Res. 1987, 75:3113; Cload and Schepartz, J. Am. Chem. Soc. 1991, 775:6324; 
Richardson and Schepartz, J. Am. Chem. Soc. 1991, 775:5109; Ma et aL, Nucleic Acids Res. 
1993, 27:2585 and Biochemistry 1993, 52:1751; Durand et aL, Nucleic Acids Res. 1990, 

20 75:6353; McCurdy et al., Nucleosides & Nucleotides 1991, 70:287; Jscbke et aL, 
Tetrahedron Lett 1993, 5*301; Ono et al, Biochemistry 1991, 50:9914; Arnold et aL, 
International Publication No. WO 89/02439; Usman et aL, International Publication No. WO 
95/06731; Dudycz et aL, International Publication No. WO 95/11910 and Ferentz and 
Verdine, J. Am. Chem. Soc. 1991, 775:4000, all hereby incorporated by reference herein. 

25 A "non-nucleotide" further means any group or compound which can be incorporated 

into a nucleic acid chain in the place of one or more nucleotide units, including either sugar 
and/or phosphate substitutions, and allows the rerj^rining bases to exhibit their enzymatic 
activity. The group or compound can be abasic in that it does not contain a commonly 
recognized nucleotide base, such as adenosine, guanine, cytosine, uracil or thymine. Thus, in 

30 one embodiment, the invention features an enrymatic nucleic acid molecule having one or 
more non-nucleotide moieties, and having enzymatic activity to cleave an RNA or DNA 
molecule. 

In another aspect of the invention, nucleic acid molecules that interact with target 
nucleic acid molecules and down-regulate VEGF and/or VEGFr, such as VEGFR1 and/or 
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VEGFR2 (specifically VEGF, VEGFR1 and/or VEGFR2 gene) activity are expressed from 
transcription units inserted into DNA or RNA vectors. The recombinant vectors are 
preferably DNA plasmids or viral vectors. Enzymatic nucleic acid molecule or antisense 
expressing viral vectors can be constructed based on, but not limited to, adeno-associated 

5 virus, retrovirus, adenovirus, or alphavirus. The recombinant vectors capable of expressing 
the enzymatic nucleic acid molecules or antisense are delivered as described above, and 
persist in target cells. Alternatively, viral vectors can be used that provide for transient 
expression of enzymatic nucleic acid molecules or antisense. Such vectors can be repeatedly 
administered as necessary. Once expressed, the enzymatic nucleic acid molecules or 

10 antisense bind to the target nucleic acid and down-regulate its function or expression. 
Delivery of enzymatic nucleic acid molecule or antisense expressing vectors can be systemic, 
such as by intravenous or intramuscular administration, by administration to target cells ex- 
planted from the patient followed by reintroduction into the patient, or by any other means 
that would allow for introduction into the desired target cell. Antisense DNA can be 

1 5 expressed via the use of a single stranded DNA intracellular expression vector. 

By 'Vectors" is meant any nucleic acid- and/or viral-based technique used to deliver a 
desired nucleic acid. 

By "subject" or "patient" is meant an organism, which is a donor or recipient of 
explanted cells, or the cells themselves. "Subject" or 'Tatient" also refers to an organism to 
20 which the nucleic acid molecules of the invention can be administered. Preferably, a subject 
or patient is a mammal or mammalian cells. More preferably, a subject or patient is a human 
or human cells. 

By "enhanced enzymatic activity" is meant to include activity measured in cells and/or 
in vivo where the activity is a reflection of both the catalytic activity and the stability of the 
25 nucleic acid molecules of the invention. In this invention, the product of these properties can 
be increased in vivo compared to an all RNA enzymatic nucleic acid or all DNA enzyme. In 
some cases, the activity or stability of the nucleic acid molecule can be decreased (i.e., less 
than ten-fold), but the overall activity of the nucleic acid molecule is enhanced, in vivo. 

The nucleic acid molecules of the instant invention, individually, or in combination or 
30 in conjunction with other drugs, can be used to treat diseases or conditions discussed above. 
For example, to treat a disease or condition associated with the levels of VEGFR1 and/or 
VEGFR2, the patient can be treated, or other appropriate cells can be treated, as is evident to 
those skilled in the art, individually or in combination with one or more drugs under 
conditions suitable for the treatment. 
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In a further embodiment, the described molecules of the invention can be used in 
combination with other known treatments to treat conditions or diseases discussed above. For 
example, the described molecules can be used in combination with one or more known 
therapeutic agents to treat angiogenesis related disorders and conditions, including but not 

5 limited to tumor angiogenesis, cancers such as breast cancer, lung cancer, colorectal cancer, 
renal cancer, pancreatic cancer, or melanoma, or ocular indications such as diabetic 
retinopathy, or age related macular degeneration, and/or endometriosis, birth control, 
endometrial tumors, gynecologic bleeding disorders, irregular menstrual cycles, ovulation, 
premenstrual syndrome (PMS), menopausal dysfunction, endometrial carcinoma, and/or other 

10 diseases or conditions which respond to the modulation of VEGF and/or VEGFr, such as 
VEGFR1 and/or VEGFR2 expression. 

Other features and advantages of the invention will be apparent from the following 
description of the preferred embodiments thereof, and from the claims. 

15 Brief Description of the Drawings 

Figure 1 shows a secondary structure model of ANGIOZYME™ ribozyme bound to its 
RNA target 

Figure 2 shows a time course of inhibition of primary tumor growth following systemic 
administration of ANGIOZYME™ in the LLC mouse model. 

20 Figure 3 shows inhibition of primary tumor growth following systemic administration 

of ANGIOZYME™ according to a certain dosing regimen in the LLC mouse model. 

Figure 4 shows a dose-dependent inhibition of tumor metastases following systemic 
administration of ANGIOZYME™ in a mouse colorectal model. 

Figure 5 is a graph showing the plasma concentration profile of ANGIOZYME™ after 
25 a single subcutaneous (SC) dose of 1 0, 30, 1 00 or 300 mg/m 2 . 

Figure 6 shows examples of chemically stabilized ribozyme motifs. HH Rz, represents 
hammerhead ribozyme motif (Usman et al, 1996, Curr. Op. Struct Bio., 1, 527); NCH Rz 
represents the NCH ribozyme motif (Ludwig et al., International PCT Publication No, WO 
98/58058 and US Patent Application Serial No. 08/878,640); G-Cleaver, represents G- 
30 cleaver ribozyme motif (Kore et al, 1998, Nucleic Acids Research 26, 4116-4120, Eckstein et 
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al., US 6,127,173). N or n, represent independently a nucleotide which can be same or 
different and have complementarity to each other; rl, represents ribo-Inosine nucleotide; 
arrow indicates the site of cleavage within the target Position 4 of the HH Rz and the NCH 
Rz is shown as having 2 5 -C-allyl modification, but those skilled in the art will recognize that 
5 this position can be modified with other modifications well known in the art, so long as such 
modifications do not significantly inhibit the activity of the ribozyme. 

Figure 7 shows an example of a Zinzyme A ribozyme motif that is chemically 
stabilized (see for example Beigelman et al, International PCT publication No. WO 
99/55857 and US Patent Application Serial No. 09/918,728). 

10 Figure 8 shows an example of a DNAzyme motif described by Santoro et al, 1997, 

PNAS, 94, 4262 and Joyce et al, US 5,807,718 . 

Figure 9 shows data demonstrating the inhibition of soluble VEGFR1 in a clinical 
study using ANGIOZYME (SEQ ID NO: 5977) . 

Figure 10 shows an generalized outline for the mouse model of proliferative 
1 5 retinopathy showing the points of ribozyme administration. 

Figure 11 shows a graph demonstrating the efficacy of a VEGF-receptor-targeted 
enzymatic nucleic acid molecule in a mouse model of proliferative retinopathy. 

Detailed Description of the Invention 
Nucleic Acid Molecules and Mechanism of Action 

20 Enzymatic Nucleic Acid : Several varieties of naturally-occurring enzymatic nucleic 

acids are presently known. In addition, several in vitro selection (evolution) strategies (Grgel, 
1979, Proc. R. Soc. London, B 205, 435) have been used to evolve new nucleic acid catalysts 
capable of catalyzing cleavage and ligation of phosphodiester linkages (Joyce, 1989, Gene, 
82, 83-87; Beaudiy et al, 1992, Science 257, 635-641 ; Joyce, 1992, Scientific American 267, 

25 90-97; Breaker et al t 1994, IJBTECH 12, 268; Bartel et a/.,1993, Science 261:1411-1418; 
Szostak, 1993, TIBS 17, 89-93; Kumar ef al, 1995, FASEBJ., 9, 1183; Breaker, 1996, Curr. 
Op. Biotech., 7, 442; Santoro et al, 1997, Proc. Natl Acad. Set, 94, 4262; Tang et al, 1997, 
RNA 3, 914; Nakamaye & Eckstein, 1994, supra; Long & Uhlenbeck, 1994, supra; Ishizaka et 
al, 1995, supra; Vaish et al, 1997, Biochemistry 36, 6495; all of these arc incoiporated by 

30 reference herein). Each can catalyze a series of reactions including the hydrolysis of 
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phosphodiester bonds in trans (and thus can cleave other nucleic acid molecules) under 
physiological conditions. 

The enzymatic nature of an enzymatic nucleic acid molecule has significant 
advantages, one advantage being that the concentration of enzymatic nucleic acid molecule 

5 necessary to affect a therapeutic treatment is lower. This advantage reflects the ability of the 
enzymatic nucleic acid molecule to act enzymatically. Thus, a single enzymatic nucleic acid 
molecule is able to cleave many molecules of target nucleic acid. In addition, the enzymatic 
nucleic acid molecule is a highly specific inhibitor, with the specificity of inhibition 
depending not only on the base-pairing mechanism of binding to the target nucleic acid , but 

10 also on the mechanism of target nucleic acid cleavage. Single mismatches, or base- 
substitutions, near the site of cleavage can be chosen to completely eliminate catalytic activity 
of a enzymatic nucleic acid molecule. 

Nucleic acid molecules having an endonuclease enzymatic activity are able to 
repeatedly cleave other separate nucleic acid molecules in a nucleotide base sequence-specific 

1 5 manner. With the proper design, such enzymatic nucleic acid molecules can be targeted to 
RNA transcripts, and achieve efficient cleavage in vitro (Zaug et al., 324, .Nature 429 1986; 
Uhlenbeck, 1987 Nature 328, 596; Kim et ah, 84 Proc. Natl Acad. Set. USA 8788, 1987; 
Dreyfus, 1988, Einstein Quart. J. Bio. Med., 6, 92; Haseloff and Gerlach, 334 Nature 585, 
1988; Cech, 260 JAMA 3030, 1988; and Jefferies et al t 17 Nucleic Acids Research 1371, 

20 1989; Santoro et al, 1997 supra). 

Because of their sequence specificity, trans-cleaving enzymatic nucleic acid molecules 
can be used as therapeutic agents for human disease (Usman & McSwiggen, 1995 Ann. Rep. 
Med. Chem. 30, 285-294; Christoffersen and Marr, 1995 J. Med. Chem. 38, 2023-2037). 
Enzymatic nucleic acid molecules can be designed to cleave specific nucleic acid targets 
25 within the background of cellular nucleic acid. Such a cleavage event renders the nucleic acid 
non-functional and abrogates protein expression from that nucleic acid. In this manner, 
synthesis of a protein associated with a disease state can be selectively inhibited (Warashina 
et al, 1999, Chemistry and Biology, 6, 237-250). 

Enzymatic nucleic acid molecules of the invention that are allosterically regulated 
30 ("allozymes") can be used to down-regulate VEGF and/or VEGFr, such as VEGFR1 and/or 
VEGFR2, expression. These allosteric enzymatic nucleic acids or allozymes (see for example 
Usman et al, US Patent Application No. 09/877,526, George et al, US Patent Nos. 
5,834,186 and 5,741,679, Shih et al t US Patent No. 5,589,332, Nathan et al, US Patent No 
5,871,914, Nathan and Ellington, International PCT publication No. WO 00/24931, Breaker 
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et al t International PCT Publication Nos. WO 00/26226 and 98/27104, and Sullenger et aL, 
US Patent Application Serial No. 09/205,520) are designed to respond to a signaling agent, 
for example, mutant VEGFR1 and/or VEGFR2 protein, wild-type VEGFR1 and/or VEGFR2 
protein, mutant VEGFR1 and/or VEGFR2 RNA, wild-type VEGFR1 and/or VEGFR2 RNA, 

5 other proteins and/or RNAs involved in VEGF signal transduction, compounds, metals, 
polymers, molecules and/or drugs that are targeted to VEGFR1 and/or VEGFR2 expression, 
which in turn modulates the activity of the enzymatic nucleic acid molecule. In response to 
interaction with a predetermined signaling agent, the activity of the allosteric enzymatic 
nucleic acid is activated or inhibited such that the expression of a particular target is 

10 selectively down-regulated. The target can comprise wild-type VEGFR1 and/or VEGFR2, 
mutant VEGFR1 and/or VEGFR2, and/or a predetermined component of the VEGF signal 
transduction pathway. In a specific example, allosteric enzymatic nucleic acid molecules that 
are activated by interaction with a RNA encoding VEGF protein are used as therapeutic 
agents in vivo. The presence of RNA encoding the VEGF protein activates the allosteric 

15 enzymatic nucleic acid molecule that subsequently cleaves the RNA encoding a VEGFR1 
and/or VEGFR2 protein resulting in the inhibition of VEGFR1 and/or VEGFR2 protein 
expression. 

In another non-limiting example, an allozyme can be activated by a VEGF and/or 
VEGFr, such as VEGFR1 and/or VEGFR2 protein, peptide, or mutant polypeptide that causes 
20 the allozyme to inhibit the expression of VEGF and/or VEGFr, such as VEGFR1 and/or 
VEGFR2 genes, by, for example, cleaving RNA encoded by VEGF, VEGFR1 and/or 
VEGFR2 gene. In this non-limiting example, the allozyme acts as a decoy to inhibit the 
function of VEGF, VEGFR1 and/or VEGFR2 and also inhibit the expression of VEGF, 
VEGFR1 and/or VEGFR2 once activated by the VEGF, VEGFR1 and/or VEGFR2 protein. 

25 Antisense : Antisense molecules can be modified or unmodified RNA, DNA, or mixed 

polymer oligonucleotides and primarily function by specifically binding to matching 
sequences resulting in inhibition of peptide synthesis (Wu-Pong, Nov 1994, BioPharm, 20- 
33). The antisense oligonucleotide binds to target RNA by Watson Crick base-pairing and 
blocks gene expression by preventing ribosomal translation of the bound sequences either by 

30 steric blocking or by activating RNase H enzyme. Antisense molecules can also alter protein 
synthesis by interfering with RNA processing or transport from the nucleus into the 
cytoplasm (Mukhopadhyay & Roth, 1996, Crit. Rev. in Oncogenesis 7, 151-190). 

In addition, binding of single stranded DNA to RNA can result in nuclease degradation 
of the heteroduplex (Wu-Pong, supra; Crooke, supra). To date, the only backbone modified 
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phosphorodithioates, and borontriftioridates. Recently it has been reported that 2 , -arabino 
and 2'-fluoro arabino- containing oligos can also activate RNase H activity. 

A number of antisense molecules have been described that utilize novel configurations 
5 of chemically modified nucleotides, secondary structure, and/or RNase H substrate domains 
(Woolf et ai t International PCT Publication No. WO 98/13526; Thompson et aL, 
International PCT Publication No. WO 99/54459; Hartmann et aL, USSN 60/101,174 which 
was filed on September 21, 1998) all of these are incorporated by reference herein in their 
entirety. 

10 In addition, antisense deoxyoligoribonucleotides can be used to target RNA by means 

of DNA-RNA interactions, thereby activating RNase H, which digests the target UNA in the 
duplex. Antisense DNA can be expressed via the use of a single stranded DNA intracellular 
expression vector or equivalents and variations thereof. 

Triplex Form ing; Oligon ucleotides (TFO) : Single stranded DNA can be designed to 
1 5 bind to genomic DNA in a sequence specific manner. TFOs are comprised of pyrimidine-rich 
oligonucleotides which bind DNA helices through Hoogsteen Base-pairing (Wu-Pong, 
supra). The resulting triple helix composed of the DNA sense, DNA antisense, and TFO 
disrupts RNA synthesis by RNA polymerase. The TFO mechanism can result in gene 
expression or cell death since binding can be irreversible (Mukhopadhyay & Roth, supra). 

20 2-5A Artiso ft Chimera: The 2-5A system is an interferon mediated mechanism for 

RNA degradation found in higher vertebrates (Mitra et aL, 1996, Proc Nat Acad Sci USA 93, 
6780-6785). Two types of enzymes, 2-5A synthetase and RNase L, are required for RNA 
cleavage. The 2-5A synthetases require double stranded RNA to form T -5' oligoadenylates 
(2-5A). 2-5A then acts as an allosteric effector for utilizing RNase L which has the ability to 

25 cleave single stranded RNA. The ability to form 2-5 A structures with double stranded RNA 
makes this system particularly useful for inhibition of viral replication. 

(2'-5') oligoadenylate structures can be covalentiy linked to antisense molecules to 
form chimeric oligonucleotides capable of RNA cleavage (Torrence, supra). These 
molecules putatively bind and activate a 2-5 A dependent RNase, the oligonucleotide/enzyme 
30 complex then binds to a target RNA molecule which can then be cleaved by the RNase 
enzyme. 
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RNAi : Double-stranded RNAs can suppress expression of homologous genes through 
an evolutionary conserved process named RNA interference (RNAi) or post-transcriptional 
gene silencing (PTGS). One mechanism underlying silencing is the degradation of target 
mRNAs by an KNP complex, which contains short interfering RNAs (siRNAs) as guides to 

5 substrate selection. Short interfering RNAs are typically 21 to 23 nucleotides in length. A 
bidentate nuclease called Dicer has been implicated as the protein responsible for siRNA 
production. For example, a double-stranded RNA (dsRNA) matching a gene sequence is 
synthesized in vitro and introduced into a cell. The dsRNA feeds into a biological pathway 
and is broken into short pieces of short interfering (si) RNAs. With the help of cellular 

10 enzymes such as Dicer, the siRNA triggers the degradation of the messenger RNA that 
matches its sequence (see for example Tuschl et al, International PCT Publication No. WO 
01/75164; Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, Nature, 411, 494-498; and 
Kreutzer et aL, International PCT Publication No. WO 00/44895). 

Target sites 

1 5 Targets for useful nucleic acid molecules of the invention, such as enzymatic nucleic 

acid molecules, dsRNA, and antisense nucleic acids can be determined as disclosed in Draper 
et al, WO 93/23569; Sullivan et al, WO 93/23057; Thompson et al, WO 94/02595; Draper 
et al, WO 95/04818; McSwiggen et al, US Patent No. 5,525,468, and hereby incorporated 
by reference herein in totality. Other examples include the following PCT applications, 

20 which concern inactivation of expression of disease-related genes: WO 95/23225, WO 
95/13380, WO 94/02595, incorporated by reference herein. Rather than repeat the guidance 
provided in those documents here, below are provided specific examples of such methods, 
not limiting to those in the art. Enzymatic nucleic acid molecules and antisense to such 
targets are designed as described in those applications and synthesized to be tested in vitro 

25 and in vivo, as also described. The sequences of human VEGF, VEGFR1 and/or VEGFR2 
RNAs are screened for optimal nucleic acid target sites using a computer-folding algorithm. 
Potential nucleic acid binding/cleavage sites are identified. While human sequences can be 
screened and nucleic acid molecules thereafter designed, as discussed in Stinchcomb et al, 
WO 95/23225, mouse targeted enzymatic nucleic acid molecules can be useful to test efficacy 

30 of action of the nucleic acid molecule prior to testing in humans. 

Nucleic acid molecule binding/cleavage sites are identified, for example enzymatic 
nucleic acid, antisense, and dsRNA mediated binding sites are chosen. For enzymatic nucleic 
acid molecules of the invention, the nucleic acid molecules are individually analyzed by 
computer folding (Jaeger et al., 1989 Proc. Natl Acad. Sci. USA, 86, 7706) to assess whether 
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the sequences fold into the appropriate secondary structure. Those nucleic acid molecules 
with unfavorable intramolecular interactions such as between the binding arms and the 
catalytic core can be eliminated from consideration. Varying binding arm lengths can be 
chosen to optimize activity. 

5 Nucleic acids, such as antisense, RNAi, and/or enzymatic nucleic acid molecule 

binding/cleavage sites are identified and are designed to anneal to various sites in the nucleic 
acid target. The binding arms of enzymatic nucleic acid molecules of the invention are 
complementary to the target site sequences described above. Antisense and RNAi sequences 
are designed to have partial or complete complementarity to the nucleic acid target. The 

1 0 nucleic acid molecules can be chemically synthesized. The method of synthesis used follows 
the procedure for normal DNA/RNA synthesis as described below and in Usman et al. 1987 
X Am. Chem, Soc, 109, 7845; Scaringe et al, 1990 Nucleic Acids Res., 18, 5433; and 
Wincott et al, 1995 Nucleic Acids Res. 23, 2677-2684; Caruthers et al, 1992, Methods in 
Enzymology 111 ,3-19. 

15 Synthesis of Nucleic acid Molecules 

Synthesis of nucleic acids greater than 100 nucleotides in length is difficult using 
automated methods, and the therapeutic cost of such molecules is prohibitive. In this 
invention, small nucleic acid motifs ("small refers to nucleic acid motifs less than about 100 
nucleotides in length, preferably less than about 80 nucleotides in length, and more preferably 
20 less than about 50 nucleotides in length; e.g., antisense oligonucleotides, enzymatic nucleic 
acids, aptamers, allozymes, decoys, siRNA etc.) are preferably used for exogenous delivery. 
The simple structure of these molecules increases the ability of the nucleic acid to invade 
targeted regions of RNA structure. Exemplary molecules of the instant invention are 
chemically synthesized, and others can similarly be synthesized. 

25 DNA Oligonucleotides are synthesized using protocols known in the art as described in 

Caruthers et al, 1992, Methods in Enzymology 21 1, 3-19, Thompson et al, International PCT 
Publication No. WO 99/54459, Wincott et al, 1995, Nucleic Acids Res. 23, 2677-2684, 
Wincott et al, 1997, Methods Mol Bio., 74, 59, Brennan et al, 1998, Biotechnol Bioeng., 61, 
33-45, and Brennan, US patent No. 6,001,31 1. All of these references are incorporated herein 

30 by reference. The synthesis of oligonucleotides makes use of common nucleic acid protecting 
and coupling groups, such as dimethoxytrityl at the 5-end, and phosphoramidites at the 3'- 
end. In a non-limiting example, small scale syntheses are conducted on a 394 Applied 
Biosystems, Inc. synthesizer using a 0.2 nmol scale protocol with a 2,5 min coupling step for 
2'-0-methylated nucleotides and a 45 sec coupling step for 2'-deoxy nucleotides. Table II 
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outlines the amounts and the contact times of the reagents used in the synthesis cycle. 
Alternatively, syntheses at the 0.2 jimol scale can be performed on a 96-well plate 
synthesizer, such as the instrument produced by Protogene (Palo Alto, CA) with minimal 
modification to the cycle. A 33-fold excess (60 \iL of 0.11 M = 6.6 |maol) of 2'-0-methyl 

5 phosphoramidite and a 105-fold excess of S-ethyl tetrazole (60 jiL of 0.25 M « 15 nmol) can 
be used in each coupling cycle of 2'-0-methyl residues relative to polymer-bound 5'- 
hydroxyl. A 22-fold excess (40 \xL of 0.11 M = 4.4 nmol) of deoxy phosphoramidite and a 
70-fold excess of S-ethyl tetrazole (40 nL of 0.25 M = 10 junol) can be used in each coupling 
cycle of deoxy residues relative to polymer-bound 5'-hydroxyl. Average coupling yields on 

10 the 394 Applied Biosystems, Inc. synthesizer, determined by colorimetric quantitation of the 
trityl fractions, are typically 97.5-99%, Other oligonucleotide synthesis reagents for the 394 
Applied Biosystems, hie, synthesizer include; detritylation solution is 3% TCA in methylene 
chloride (AB1); capping is performed with 16% JV-methyl imidazole in THF (ABI) and 10% 
acetic anhydride/10% 2,6-lutidine in THF (ABI); and oxidation solution is 16.9 mM I2, 49 

1 5 mM pyridine, 9% water in THF (PERSEPTTVE™). Burdick & Jackson Synthesis Grade 
acetonitrile is used directly from the reagent bottle. S-Ethyltetrazole solution (0.25 M in 
acetonitrile) is made up from the solid obtained from American International Chemical, Inc. 
Alternately, for the introduction of phosphorothioate linkages, Beaucage reagent (3H-1,2- 
Benzodithiol-3-one 1,1-dioxide, 0.05 M in acetonitrile) is used. 

20 Deprotection of the DNA polynucleotides is performed as follows: the polymer-bound 

trityl-on oligoribonucleotide is transferred to a 4 mL glass screw top vial and suspended in a 
solution of 40% aq. methylamine (1 mL) at 65 °C for 10 min. After cooling to -20 °C, the 
supernatant is removed from the polymer support. The support is washed three times with 1 .0 
mL of EtOH:MeCN:H20/3:l:l, vortexed and the supernatant is then added to the first 

25 supernatant The combined supernatants, containing the oligoribonucleotide, are dried to a 
white powder. 

The method of synthesis used for KNA oligonucleotides including certain nucleic acid 
molecules of the invention follows the procedure as described in Usman et al, 1987, 7. Am. 
Chem. Soc, 109, 7845; Scaringe et al., 1990, Nucleic Acids Res., 18, 5433; and Wincott et 

30 al, 1995, Nucleic Acids Res. 23, 2677-2684 Wincott et al. 1997, Methods Mol. Bio., 74, 59, 
and makes use of common nucleic acid protecting and coupling groups, such as 
dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end. In a non-limiting example, 
small scale syntheses are conducted on a 394 Applied Biosystems, Inc. synthesizer using a 0.2 
Hmol scale protocol with a 7.5 min coupling step for alkylsilyl protected nucleotides and a 2.5 

35 min coupling step for 2'-0-methylated nucleotides. Table II outlines the amounts and the 
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contact times of the reagents used in the synthesis cycle. Alternatively, syntheses at the 0.2 
pmol scale can be done on a 96-well plate synthesizer, such as the instrument produced by 
Protogene (Palo Alto, CA) with minimal modification to the cycle. A 33-fold excess (60 jiL 
of 0.11 M - 6.6 pmol) of 2'-Omethyl phosphoramidite and a 75-fold excess of S-ethyl 

5 tetrazole (60 pL of 0.25 M - 15 pmol) can be used in each coupling cycle of 2'-0-methyl 
residues relative to polymer-bound 5'-hydroxyl. A 66-fold excess (120 pL of 0.11 M = 13.2 
pmol) of alkylsilyl (ribo) protected phosphoramidite and a 150-fold excess of S-ethyl 
tetrazole (120 pL of 0.25 M = 30 pmol) can be used in each coupling cycle of ribo residues 
relative to polymer-bound 5'-hydroxyL Average coupling yields on the 394 Applied 

10 Biosystems, Inc. synthesizer, determined by colorimetric quantitation of the trityl fractions, 
are typically 97.5-99%. Other oligonucleotide synthesis reagents for the 394 Applied 
Biosystems, Inc. synthesizer include; detritylation solution is 3% TCA in methylene chloride 
(ABI); capping is performed with 16% JV-methyl imidazole in THF (ABI) and 10% acetic 
anhydride/10% 2,6-lutidine in THF (ABI); oxidation solution is 16.9 mM I2, 49 mM pyridine, 

1 5 9% water in THF (PERSEPTTVE™). Burdick & Jackson Synthesis Grade acetonitrile is used 
directly from the reagent bottle. S-Ethyltetrazole solution (0.25 M in acetonitrile) is made up 
from the solid obtained from American International Chemical, Inc. Alternately, for the 
introduction of phosphorothioate linkages, Beancage reagent (3H-l,2-Benzodiftiol-3-one 1,1- 
dioxide0.05 M in acetonitrile) is used. 

20 Deprotection of the RNA is performed using either a two-pot or one-pot protocol. For 

the two-pot protocol, the polymer-bound trityl-on oligoribonucleotide is transferred to a 4 mL 
glass screw top vial and suspended in a solution of 40% aq. methylamine (1 mL) at 65 °C for 
10 min. After cooling to -20 °C, the supernatant is removed from the polymer support. The 
support is washed three times with 1.0 mL of Et0H:MeCNJI2O/3:l:l, vortexed and the 

25 supernatant is thai added to the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, are dried to a white powder. The base deprotected oligoribonucleotide is 
resuspended in anhydrous TEA/HF/NMP solution (300 pL of a solution of 1.5 mL N- 
methylpyrrolidinone, 750 pL TEA and 1 mL TEA-3HF to provide a 1.4 M HF concentration) 
and heated to 65 °C, After 1 .5 h, the oligomer is quenched with 1.5 M NH4HCO3. 

30 Alternatively, for the one-pot protocol, the polymer-bound trityl-on oligoribonucleotide 

is transferred to a 4 mL glass screw top vial and suspended in a solution of 33% ethanolic 
methylamine/DMSO: 1/1 (0.8 mL) at 65 °C for 15 min. The vial is brought to r.t. TEA-3HF 
(0.1 mL) is added and the vial is heated at 65 °C for 15 min. The sample is cooled at -20 °C 
and then quenched with 1.5 M NH4HCO3. 
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For purification of the trityl-on oligomers, the quenched NH4HCO3 solution is loaded 
onto a C-18 containing cartridge that had been prewashed with acetonitrile followed by 50 
mM TEAA. After washing the loaded cartridge with water, the RNA is detritylated with 
0.5% TFA for 13 min. The cartridge is then washed again with water, salt exchanged with 1 
5 M NaCl and washed with water again. The oligonucleotide is then eluted with 30% 
acetonitrile. 

Inactive hammerhead ribozymes or binding attenuated control (BAC) oligonucleotides) 
are synthesized by substituting a U for G5 and a U for A14 (numbering from Hertel, JL J., et 

al, 1992, Nucleic Acids Res., 20, 3252). Similarly, one or more nucleotide substitutions can 
10 be introduced in other enzymatic nucleic acid molecules to inactivate the molecule and such 
molecules can serve as a negative control. 

The average stepwise coupling yields are typically >98% (Wincott et al, 1995 Nucleic 
Acids Res. 23, 2677-2684). Those of ordinary skill in the art will recognize that the scale of 
synthesis can be adapted to be larger or smaller than the example described above including 
15 but not limited to 96 well format, all that is important is the ratio of chemicals used in the 
reaction. 

Alternatively, the nucleic acid molecules of the present invention can be synthesized 
separately and joined together post-synthetically, for example by ligation (Moore et aL, 1992, 
Science 256, 9923; Draper et al, International PCT publication No. WO 93/23569; 
20 Shabarova et al, 1991, Nucleic Acids Research 19, 4247; Bellon et al, 1997, Nucleosides & 
Nucleotides, 16, 951; Bellon et aL, 1997, Bioconjugate Chem. 8, 204). 

Preferably, the nucleic acid molecules of the present invention are modified extensively 
to enhance stability by modification with nuclease resistant groups, for example, 2-amino, 2'- 
C-allyl, 2 , -flouro, 2'-0-methyl, 2'-H (for a review see Usman and Cedergren, 1992, TIBS 17, 
25 34; Usman et al, 1994, Nucleic Acids Symp. Ser. 31, 163). Ribozymes are purified by gel 
electrophoresis using general methods or are purified by high pressure liquid chromatography 
(HPLC; See Wincott et al, Supra, the totality of which is hereby incorporated herein by 
reference) and are re-suspended in water. 

Optimizing Activity of the nucleic acid molecule of the invention. 

30 Chemically synthesizing nucleic acid molecules with modifications (base, sugar and/or 

phosphate) that prevent their degradation by serum ribonucleases can increase their potency 
(see eg., Eckstein et al, International Publication No. WO 92/07065; Peirault et al, 1990 
Nature 344, 565; Pieken et al., 1991, Science 253, 314; Usman and Cedergren, 1992, Trends 
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in Biochem. Sci. 17, 334; Usman et al, International Publication No. WO 93/15187; and 
Rossi et al, International Publication No. WO 91/03162; Sproai, US Patent No. 5,334,711; 
Gold et al, US 6,300,074; and Burgin et al, supra; all of wbich are incorporated by reference 
herein). Modifications which enhance their efficacy in cells, and removal of bases from 
5 nucleic acid molecules to shorten oligonucleotide synthesis times and reduce chemical 
requirements are desired. (All these publications are hereby incorporated by reference 
herein). 

There are several examples in the art describing sugar, base and phosphate 
modifications that can be introduced into nucleic acid molecules with significant 

10 enhancement in their nuclease stability and efficacy. For example, oligonucleotides are 
modified to enhance stability and/or enhance biological activity by modification with 
nuclease resistant groups, for example, 2'-amino, 2-C-allyl, 2-flouro, 2'-0-methyl, 2 , -H, 
nucleotide base modifications (for a review see Usman and Cedergren, 1992, TIBS. 17, 34; 
Usman et al, 1994, Nucleic Acids Symp. Ser. 31, 163; Burgin et al, 1996, Biochemistry, 35, 

1 5 1 4090). Sugar modification of nucleic acid molecules have been extensively described in the 
art (see Eckstein et al, International Publication PCT No. WO 92/07065; Perrault et al 
Nature, 1990, 344, 565-568; Pieken et al Science, 1991, 253, 314-317; Usman and 
Cedergren, Trends in Biochem. Sci. , 1992, 17, 334-339; Usman et al. International 
Publication PCT No. WO 93/15187; Sproat, US Patent No. 5,334,711 and Beigelman etf al, 

20 1995, /. Biol Chem., 270, 25702; Beigelman et al, International PCT publication No. WO 
97/26270; Beigelman et al, US Patent No. 5,716,824; Usman et al, US patent No. 
5,627,053; Woolf et al, International PCT Publication No. WO 98/13526; Thompson et al., 
USSN 60/082,404 which was filed on April 20, 1998; Kaipeisky et al, 1998, Tetrahedron 
Lett., 39, 1131; Eamshaw and Gait, 1998, Biopofymers (Nucleic acid Sciences), 48, 39-55; 

25 Verma and Eckstein, 1998, Annu. Rev. Biochem., 67, 99-134; and Burlina et al, 1997, 
Bioorg. Med. Chem., 5, 1999-2010; all of the references are hereby incorporated in their 
totality by reference herein). Such publications describe general methods and strategies to 
determine the location of incorporation of sugar, base and/or phosphate modifications and the 
like into ribozymes without inhibiting catalysis, and are incorporated by reference herein. In 

30 view of such teachings, similar modifications can be used as described herein to modify the 
nucleic acid molecules of the instant invention. 

While chemical modification of oligonucleotide internucleotide linkages with 
phosphorothioate, phosphorothioate, and/or S'-methylphosphonate linkages improves 
stability, too many of these modifications can cause some toxicity. Therefore when designing 
35 nucleic acid molecules the amount of these internucleotide linkages should be minimized. 
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The reduction in the concentration of these linkages should lower toxicity resulting in 
increased efficacy and higher specificity of these molecules. 

Nucleic acid molecules having chemical modifications that maintain or enhance activity 
are provided. Such nucleic acid is also generally more resistant to nucleases than unmodified 

5 nucleic acid. Thus, in a cell and/or in vivo the activity may not be significantly lowered. 
Therapeutic nucleic acid molecules delivered exogenously are optimally stable within cells 
until translation of the target RNA has been inhibited long enough to reduce the levels of the 
undesirable protein. This period of time varies between hours to days depending upon the 
disease state. Clearly, nucleic acid molecules must be resistant to nucleases in order to 

1 0 function as effective intracellular therapeutic agents. Improvements in the chemical synthesis 
of RNA and DNA (Wincott et al, 1995 Nucleic Acids Res. 23, 2677; Caruthers et al, 1992, 
Methods in Enzymology 211,3-19 (incorporated by reference herein) have expanded the 
ability to modify nucleic acid molecules by introducing nucleotide modifications to enhance 
their nuclease stability as described above. 

15 In one embodiment, nucleic acid molecules of the invention include one or more G- 

clamp nucleotides. A G-clamp nucleotide is a modified cytosine analog wherein the 
modifications confer the ability to hydrogen bond both Watson-Crick and Hoogsteen faces of 
a complementary guanine within a duplex, see for example Lin and Matteucci, 1998, 1 Am. 
Chem. Soc, 120, 8531-8532. A single G-clamp analog substitution within an oligonucleotide 

20 can result in substantially enhanced helical thermal stability and mismatch discrimination 
when hybridized to complementary oligonucleotides. The inclusion of such nucleotides in 
nucleic acid molecules of the invention results in both enhanced affinity and specificity to 
nucleic acid targets. In another embodiment, nucleic acid molecules of the invention include 
one or more LNA "locked nucleic acid" nucleotides such as a 2', 4 , -C mythylene bicyclo 

25 nucleotide (see for example Wengel et al., International PCT Publication No. WO 00/66604 
and WO 99/14226). 

In another embodiment, the invention features conjugates and/or complexes of nucleic 
acid molecules targeting VEGF receptors such as VEGFR1 and/or VEGFR2. Such 
conjugates and/or complexes can be used to facilitate delivery of molecules into a biological 
30 system, such as cells. The conjugates and complexes provided by the instant invention can 
impart therapeutic activity by transferring therapeutic compounds across cellular membranes, 
altering the pharmacokinetics, and/or modulating the localization of nucleic acid molecules of 
the invention. The present invention encompasses the design and synthesis of novel 
conjugates and complexes for the delivery of molecules, including but not limited to small 
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molecules, lipids, phospholipids, nucleosides, nucleotides, nucleic acids, antibodies, toxins, 
negatively charged polymers and other polymers, for example proteins, peptides, hormones, 
carbohydrates, polyethylene glycols, or polyamines, across cellular membranes. In general, 
the transporters described are designed to be used either individually or as part of a multi- 

5 component system, with or without degradable linkers. These compounds are expected to 
improve delivery and/or localization of nucleic acid molecules of the invention into a number 
of cell types originating from different tissues, in the presence or absence of serum (see 
Sullenger and Cech, US 5,854,038). Conjugates of the molecules described herein can be 
attached to biologically active molecules via linkers that are biodegradable, such as 

1 0 biodegradable nucleic acid linker molecules. 

The term biodegradable nucleic acid linker molecule" as used herein, refers to a 
nucleic acid molecule that is designed as a biodegradable linker to connect one molecule to 
another molecule, for example, a biologically active molecule. The stability of the 
biodegradable nucleic acid linker molecule can be modulated by using various combinations 

15 of ribonucleotides, deoxyribonucleotides, and chemically modified nucleotides, for example, 
2'-Omethyl, 2'-fluoro, 2'-amino, 2'-0-amino, 2'-C-allyl, 2'-0-allyl, and other 2'-modified 
or base modified nucleotides. The biodegradable nucleic acid linker molecule can be a dimer, 
trimer, tetramer or longer nucleic acid molecule, for example, an oligonucleotide of about 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides in length, or can 

20 comprise a single nucleotide with a phosphorus based linkage, for example, a 
phosphoramidate or phosphodiester linkage. The biodegradable nucleic acid linker molecule 
can also comprise nucleic acid backbone, nucleic acid sugar, or nucleic acid base 
modifications. 

The term "biodegradable" as used herein, refers to degradation in a biological system, 
25 for example enzymatic degradation or chemical degradation. 

The term biologically active molecule" as used herein, refers to compounds or 
molecules that are capable of eliciting or modifying a biological response in a system. Non- 
limiting examples of biologically active molecules contemplated by the instant invention 
include therapeutically active molecules such as antibodies, hormones, antivirals, peptides, 
30 proteins, chemotherapeutics, small molecules, vitamins, co-factors, nucleosides, nucleotides, 
oligonucleotides, enzymatic nucleic acids, antisense nucleic acids, triplex forming 
oligonucleotides, 2,5-A chimeras, siRNA, dsRNA, allozymes, aptamers, decoys and analog? 
thereof. Biologically active molecules of the invention also include molecules capable of 
modulating the pharmacokinetics and/or pharmacodynamics of other biologically active 
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molecules, for example, lipids and polymers such as polyamines, polyamides, polyethylene 
glycol and other polyethers. 

The term phospholipid" as used herein, refers to a hydrophobic molecule comprising 
at least one phosphorus group. For example, a phospholipid can comprise a phosphorus 
5 containing group and saturated or unsaturated alkyl group, optionally substituted with OH, 
COOH, oxo, amine, or substituted or unsubstituted aryl groups. 

Therapeutic nucleic acid molecules (e>g. t enzymatic nucleic acid molecules and 
antisense nucleic acid molecules) delivered exogenously are optimally stable within cells 
until translation of the target KNA has been inhibited long enough to reduce the levels of the 

10 undesirable protein. This period of time varies between hours to days depending upon the 
disease state. These nucleic acid molecules should be resistant to nucleases in order to 
function as effective intracellular therapeutic agents. Improvements in the chemical synthesis 
of nucleic acid molecules described in the instant invention and in the art have expanded the 
ability to modify nucleic acid molecules by introducing nucleotide modifications to enhance 

1 5 their nuclease stability as described above. 

In another embodiment, nucleic acid catalysts having chemical modifications that 
maintain or enhance enzymatic activity axe provided. Such nucleic acids are also generally 
more resistant to nucleases than unmodified nucleic acid. Thus, in a cell and/or in vivo the 
activity of the nucleic acid may not be significantly lowered. As exemplified herein such 
20 enzymatic nucleic acids are useful in a cell and/or in vivo even if activity over all is reduced 
10 fold (Burgin et al, 1996, Biochemistry, 35, 14090). Such enzymatic nucleic acids herein 
are said to "maintanTthe enzymatic activity of an all RNA ribozyme or all DNA DNAzyme. 

In another aspect the nucleic acid molecules comprise a 5' and/or a 3*- cap structure. 

By "cap structure" is meant chemical modifications, which have been incorporated at 
25 either terminus of the oligonucleotide (see for example Wincott et al t WO 97/26270, 
incoiporated by reference herein). These terminal modifications protect the nucleic acid 
molecule from exonuclease degradation, and can help in delivery and/or localization within a 
cell. The cap can be present at the 5 '-terminus (5'-cap) or at the 3*-tenninus (3'-cap) or can 
be present on both terminus. In non-limiting examples, the 5'-cap includes inverted abasic 
30 residue (moiety), ^S'-methylene nucleotide; l-(beta-D-erythrofuranosyl) nucleotide, 4'-thio 
nucleotide, carbocyclic nucleotide; 1,5-anhydrohexitol nucleotide; ^nucleotides; alpha- 
nucleotides; modified base nucleotide; phosphorodithioate linkage; rAreo-pentofuranosyl 
nucleotide; acyclic 3',4'-seco nucleotide; acyclic 3,4-dihydroxybutyl nucleotide; acyclic 3,5- 
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dihydroxypentyl nucleotide, S'-S'-inverted nucleotide moiety; S'O'-inverted abasic moiety, 3 1 - 
^-inverted nucleotide moiety; 3 -^-inverted abasic moiety, 1,4-butanediol phosphate; 3 1 - 
phosphoramidate; hexylphospbate; aminohexyl phosphate; 3-phosphate; S-phosphorothioate; 
phosphorodithioate; or bridging or non-bridging methylphosphonate moiety (for more details 
5 see Wincott et al, International PCT publication No. WO 97/26270, incorporated by 
reference herein). 

In another embodiment the 3'-cap includes, for example ^'-methylene nucleotide; 1- 
(beta-D-erythrofuranosyl) nucleotide; 4'-thio nucleotide, carbocyclic nucleotide; 5-amino- 
alkyl phosphate; l,3-diamino-2-propyl phosphate, 3-aminopropyl phosphate; 6-aminohexyl 

10 phosphate; 1,2-aminododecyl phosphate; hydroxypropyl phosphate; 1,5-anhydrohexitol 
nucleotide; L-nucleotide; alpha-nucleotide; modified base nucleotide; phosphorodithioate; 
/Ara>-pentofuranosyl nucleotide; acychc 3\4'-seco nucleotide; 3,4-dihydroxybutyl nucleotide; 
3,5-dihydroxypentyl nucleotide, 5-5 ! -inverted nucleotide moiety; S'-S-inverted abasic moiety; 
5'-phosphoramidate; S'-phosphorothioate; 1,4-butanediol phosphate; 5'-amino; bridging 

15 and/or non-bridging S'-phosphoramidate, phosphorothioate and/or phosphorodithioate, 
bridging or non bridging methylphosphonate and S'-mercapto moieties (for more details see 
Beaucage and Iyer, 1993, Tetrahedron 49, 1925; incorporated by reference herein). 

By the term "non-nucleotide" is meant any group or compound which can be 
incorporated into a nucleic acid chain in the place of one or more nucleotide units, including 
20 either sugar and/or phosphate substitutions, and allows the remaining bases to exhibit their 
enzymatic activity. The group or compound is abasic in that it does not contain a commonly 
recognized nucleotide base, such as adenosine, guanine, cytosine, uracil or thymine. 

An "alky!" group refers to a saturated aliphatic hydrocarbon, including straight-chain, 
branched-chain, and cyclic alkyl groups. Preferably, the alkyi group has 1 to 12 carbons. 

25 More preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. 
The alkyl group can be substituted or unsubstituted. When substituted the substituted 
group(s) is preferably, hydroxyl, cyano, alkoxy, =0, HS, NO2 or N(CH3) 2 , amino, or SH. The 
term also includes alkenyl groups which are unsaturated hydrocarbon groups containing at 
least one carbon-carbon double bond, including straight-chain, branched-chain, and cyclic 

30 groups. Preferably, the alkenyl group has 1 to 12 carbons. More preferably it is a lower 
alkenyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkenyl group can be 
substituted or unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2 , amino, or SH. The term "alkyl" 
also includes alkynyl groups which have an unsaturated hydrocarbon group containing at least 
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one carbon-carbon triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 caibons. More preferably it is a lower alkynyl of 
from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkynyl group can be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, hydroxyl, cyano, 
5 alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino or SH. 

Such alkyl groups can also include aryl, alkylaryl, carbocyclic aiyl, heterocychc aryl, 
amide and ester groups. An "aryl" group refers to an aromatic group which has at least one 
ring having a conjugated p electron system and includes carbocyclic aryl, heterocyclic aryl 
and biaryl groups, all of which can be optionally substituted. The preferred substituent(s) of 

1 0 aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, alkyl, alkenyl, 
alkynyl, and amino groups. An "alkylaryl" group refers to an alkyl group (as described 
above) covalently joined to an aryl group (as described above). Carbocyclic aryl groups are 
groups wherein the ring atoms on the aromatic ring are all carbon atoms. The carbon atoms 
are optionally substituted. Heterocyclic aryl groups are groups having from 1 to 3 

1 5 heteroatoms as ring atoms in the aromatic ring and the remainder of the ring atoms are carbon 
atoms. Suitable heteroatoms include oxygen, sulfur, and nitrogen, and include furanyl, 
thienyl, pyridyl, pyrrolyl, N-lower alkyl pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, 
all optionally substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, aryl, 
alkylaryl or hydrogen. An "ester" refers to an -C(O)-0R f , where R is either alkyl, aryl, 

20 alkylaryl or hydrogen. 

By "nucleotide" is meant a heterocyclic nitrogenous base in N-glycosidic linkage with 
a phosphorylated sugar. Nucleotides are recognized in the art to include natural bases 
(standard), and modified bases well known in the art Such bases are generally located at the 
T position of a nucleotide sugar moiety. Nucleotides generally comprise a base, sugar and a 

25 phosphate group. The nucleotides can be unmodified or modified at the sugar, phosphate 
and/or base moiety, (also referred to interchangeably as nucleotide analogs, modified 
nucleotides, non-natural nucleotides, non-standard nucleotides and other; see for example, 
Usman and McSwiggen, supra; Eckstein et al t International PCT Publication No. WO 
92/07065; Usman et al., International PCT Publication No. WO 93/15187; Uhlman & 

30 Peyman, supra all are hereby incorporated by reference herein). There are several examples 
of modified nucleic acid bases known in the art as summarized by Limbach et al, 1994, 
Nucleic Acids Res. 22, 2183. Some of the non-limiting examples of chemically modified and 
other natural nucleic acid bases that can be introduced into nucleic acids include, for example, 
inosine, purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2, 4, 6-trimethoxy 

35 benzene, 3 -methyl uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines (e.g., 
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5-methyicytidine), 5-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 5-bromouridine) 
or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-methyluridine), propyne, quesosine, 2- 
thiouridine, 4-thiouridine, wybutosine, wybutoxosine, 4-acetylcytidine, 5- 
(carboxyhydroxymethyl)uridine, 5 ^carboxymetliylaii±iomethyl-2-1toouridine, 5- 

5 carboxymethylaininomethylwidiae, beta-D-galactosylqueosine, 1-methyladenosine, 1- 
methylinosine, 2,2-dimethylguanosine, 3-methylcytidine, 2-methyladenosine, 2- 
methylguanosine, N6-methyladenosine, 7-methylguanosine, 5-methoxyaminomethyl-2- 
thiouridine, 5-methylainiiiomethyluridine, 5-methylcarbonylmetiiyluridine, 5- 
methyloxyuridine, 5-methyl-2-1hiouridine, 2-methylthio-N6-isopeiitenyladeiiosine, beta-D- 

10 mannosylqueosine, uridine~5-oxyacetic acid, 2-thiocytidine, threonine derivatives and others 
(Burgin et al, 1996, Biochemistry, 35, 14090; Uhlman & Peyman, supra). By Modified 
bases" in this aspect is meant nucleotide bases other than adenine, guanine, cytosine and 
uracil at 1' position or their equivalents; such bases can be used at any position, for example, 
within the catalytic core of an enzymatic nucleic acid molecule and/or in the substrate-binding 

1 5 regions of the nucleic acid molecule. 

By "nucleoside" is meant a heterocyclic nitrogenous base in N-glycosidic linkage with 
a sugar. Nucleosides are recognized in the art to include natural bases (standard), and 
modified bases well known in the art. Such bases are generally located at the V position of a 
nucleoside sugar moiety. Nucleosides generally comprise a base and sugar group. The 

20 nucleosides can be unmodified or modified at the sugar, and/or base moiety, (also referred to 
interchangeably as nucleoside analogs, modified nucleosides, non-natural nucleosides, non- 
standard nucleosides and other; see for example, Usman and McSwiggen, supra; Eckstein et 
al, International PCT Publication No. WO 92/07065; Usman et al, International PCX 
Publication No. WO 93/15187; Uhlman & Peyman, supra all are hereby incorporated by 

25 reference herein). There are several examples of modified nucleic acid bases known in the art 
as summarized by Limbach et al, 1994, Nucleic Acids Res. 22, 2183. Some of the non- 
limiting examples of chemically modified and other natural nucleic acid bases that can be 
introduced into nucleic acids include, inosine, purine, pyridin-4-one, pyridin-2-one, phenyl, 
pseudouracil, 2, 4, 6-trimethoxy benzene, 3-methyl uracil, dihydrouridine, naphthyl, 

30 aminophenyl, 5-alkylcytidines (e.g., 5-methylcytidine), 5-alkyluridines (e.g., ribothymidine), 
5-halouridine (e.g., 5-bromouridine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6- 
methyluridine), propyne, quesosine, 2-thiouridine, 4-thiouridine, wybutosine, wybutoxosine, 
4-acetylcytidine, 5-(carboxyhydn>xymethyl)uridine, 5'-caiboxymethylaminomethyl-2- 
thiouridine, 5-caiboxymethylaminomethyluridine, beta-D-galactosylqueosine, 1- 

35 methyladenosine, 1 -methylinosine, 2,2-dimethylguanosine, 3-methylcytidine, 2- 
methyladenosine, 2-methylguanosine, N6-methyladenosine, 7-methylguanosme, 5- 
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methoxyaminomethyl-2-thio\iridine, 5-methylaminomethyluridine, 5- 

methylcarbonylmethyluridine, 5-methyloxyuridine, 5-methyl-2-ttaouridine, 2-methylthio-N6- 
isopentenyladenosine, beta-D-mannosylqueosine, uridine-5-oxyacetic acid, 2-thiocytidine, 
threonine derivatives and others (Burgin et al, 1996, Biochemistry, 35, 14090; Uhhnan & 
5 Peyman, supra). By "modified bases" in this aspect is meant nucleoside bases other than 
adenine, guanine, cytosine and uracil at 1' position or their equivalents; such bases can be 
used at any position, for example, within the catalytic core of an enzymatic nucleic acid 
molecule and/or in the substrate-binding regions of the nucleic acid molecule. 

In one embodiment, the invention features modified enzymatic nucleic acid molecules 
10 with phosphate backbone modifications comprising one or more phosphorothioate, 
phosphorodithioate, methylphosphonate, morpholino, amidate carbamate, caiboxymethyl, 
acetamidate, polyamide, sulfonate, sulfonamide, sulfamate, formacetal, thiofonnacetal, 
and/or alkylsilyl, substitutions. For a review of oligonucleotide backbone modifications see 
Hunziker and Leumann, 1995, Nucleic Acid Analogues: Synthesis and Properties, in Modern 
15 Synthetic Methods, VCH, 331-417, and Mesmaeker et al $ 1994, Novel Backbone 
Replacements for Oligonucleotides, in Carbohydrate Modifications in Antisense Research 
ACS, 24-39. These references are hereby incorporated by reference herein. 

By "abasic" is meant sugar moieties lacking a base or having other chemical groups in 
place of a base at the 1' position, for example a 3\3'-linked or 5',5*-linked deoxyabasic 
20 ribose derivative (for more details see Wincott et al, International PCT publication No. WO 
97/26270). 

By "unmodified nucleoside" is meant one of the bases adenine, cytosine, guanine, 
thymine, uracil joined to the 1' carbon of p-D-ribo-furanose. 

By "modified nucleoside" is meant any nucleotide base which contains a modification 
25 in the chemical structure of an unmodified nucleotide base, sugar and/or phosphate. 

In connection with 2'-modified nucleotides as described for the present invention, by 
"amino" is meant 2 , -NH 2 or 2'-0- NH 2 , which can be modified or unmodified. Such 
modified groups are described, for example, in Eckstein et al, U.S. Patent 5,672,695 and 
Matufcc-Adamic et al, WO 98/28317, respectively, which are both incorporated by reference 
30 in their entireties. 



Various modifications to nucleic acid (e.g„ antisense and ribozyme) structure can be 
made to enhance the utility of these molecules. For example, such modifications can enhance 



am 
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shelf-life, half-life in vitro, stability, and ease of introduction of such oligonucleotides to the 
target site, including, e.g., enhancing penetration of cellular membranes and conferring the 
ability to recognize and bind to targeted cells. 

Use of the nucleic acid-based molecules of the invention can lead to better treatment of 
5 the disease progression by affording the possibility of combination therapies (e.g., multiple 
enzymatic nucleic acid molecules targeted to different genes, enzymatic nucleic acid 
molecules coupled with known small molecule inhibitors, or intermittent treatment with 
combinations of enzymatic nucleic acid molecules (including different enzymatic nucleic acid 
molecule motifs) and/or other chemical or biological molecules). The treatment of patients 
1 0 with nucleic acid molecules can also include combinations of different types of nucleic acid 
molecules. Therapies can be devised which include a mixture of enzymatic nucleic acid 
molecules (including different enzymatic nucleic acid molecule motifs), allozymes, antisense, 
dsRNA, aptamers, and/or 2-5A chimera molecules to one or more targets to alleviate 
symptoms of a disease. 

15 Administration of Nucleic Acid Molecules 

Methods for the delivery of nucleic acid molecules are described in Akhtai et al, 1992, 
Trends Cell Bio., 2, 139; sad Delivery Strategies for Antisense Oligonucleotide Therapeutics, 
ed. Akhtar, 1995 which are both incorporated herein by reference. Sullivan et al., PCT WO 
94/02595, further describes the general methods for delivery of enzymatic RNA molecules. 

20 These protocols can be utilized for the delivery of virtually any nucleic acid molecule. 
Nucleic acid molecules can be administered to cells by a variety of methods known to those 
familiar to the art, including, but not restricted to, encapsulation in liposomes, by 
iontophoresis, or by incorporation into other vehicles, such as hydrogels, cyclodextrins, 
biodegradable nanocapsules, and bioadhesive microspheres. Alternatively, the nucleic 

25 acid/vehicle combination is locally delivered by direct injection or by use of an infusion 
pump. Other routes of delivery include, but are not limited to oral (tablet or pill form) and/or 
intrathecal delivery (Gold, 1997, Neuroscience, 76, 1 153-1158). Other approaches include the 
use of various transport and carrier systems, for example though the use of conjugates and 
biodegradable polymers. For a comprehensive review on drug delivery strategies including 

30 CNS delivery, see Ho et al, 1999, Curr. Opin. Mol Ther., 1, 336-343 and Jain, Drug 
Delivery Systems: Technologies and Commercial Opportunities, Decision Resources, 1998 
and Groothuis et al, 1997, /. NeuroVirol, 3, 387-400. More detailed descriptions of nucleic 
acid delivery and administration are provided in Sullivan et al., supra, Draper et al., PCT 
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W093/23569, Beigelmaii et al, PCT WO99/05094, and Klimuk et aL, PCT WO99/04819 aU 
of which have been incorporated by reference herein 

■ 

The molecules of the instant invention can be used as pharmaceutical agents. 
Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a symptom to some 
5 extent, preferably all of the symptoms) of a disease state in a patient. 

The polynucleotides of the invention can be administered (e.g., KNA, DNA or protein) 
and introduced into a patient by any standard means, with or without stabilizers, buffers, and 
the like, to form a pharmaceutical composition. When it is desired to use a liposome delivery 
mechanism, standard protocols for formation of liposomes can be followed. The 
1 0 compositions of the present invention can also be formulated and used as tablets, capsules or 
elixirs for oral administration; suppositories for rectal administration; sterile solutions; 
suspensions for injectable administration; and the other compositions known in the art. 

The present invention also includes pharmaceutically acceptable formulations of the 
compounds described. These formulations include salts of the above compounds, e.g., acid 
15 addition salts, for example, salts of hydrochloric, hydrobromic, acetic acid, and benzene 
sulfonic acid. 

A pharmacological composition or formulation refers to a composition or formulation 
in a form suitable for administration, e.g., systemic administration, into a cell or patient, 
preferably a human. Suitable forms, in part, depend upon the use or the route of entry, for 

20 example oral, transdermal, or by injection. Such forms should not prevent the composition or 
formulation ftom reaching a target cell (i.e., a cell to which the negatively charged polymer is 
desired to be delivered to). For example, pharmacological compositions injected into the 
blood stream should be soluble. Other factors are known in the art, and include 
considerations such as toxicity and forms which prevent the composition or formulation from 

25 exerting its effect. 

By "systemic administration" is meant in vivo systemic absorption or accumulation of 
drugs in the blood stream followed by distribution throughout the entire body. 
Administration rovtes which lead to systemic absorption include, without limitations: 
intravenous, subcutaneous, intraperitoneal, inhalation, oral, intrapulmonary and 
30 intramuscular. Each of these administration routes expose the desired negatively charged 
polymers, e.g., nucleic acids, to an accessible diseased tissue. The rate of entry of a drug into 
the circulation has been shown to be a function of molecular weight or size. The use of a 
liposome or other drug carrier comprising the compounds of the instant invention can 
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potentially localize the drug, for example, in certain tissue types, such as the tissues of the 
reticular endothelial system (RES). A liposome formulation which can facilitate the 
association of drug with the surface of cells, such as, lymphocytes and macrophages is also 
useful. This approach can provide enhanced delivery of the drug to target cells by taking 
5 advantage of the specificity of macrophage and lymphocyte immune recognition of abnormal 
cells, such as cells implicated in endometriosis, birth control, endometrial tumors, 
gynecologic bleeding disorders, irregular menstrual cycles, ovulation, premenstrual syndrome 
(PMS), menopausal dysfunction, and endometrial carcinoma. 

By phaimaceutically acceptable formulation is meant, a composition or formulation that 

10 allows for the effective distribution of the nucleic acid molecules of the instant invention in 
the physical location most suitable for their desired activity. Non-limiting examples of agents 
suitable for formulation with the nucleic acid molecules of the instant invention include: 
PEG conjugated nucleic acids, phospholipid conjugated nucleic acids, nucleic acids 
containing lipophilic moieties, phosphorothioates, P-glycoprotein inhibitors (such as Pluronic 

15 P85) which can enhance entry of drugs into various tissues, for example the CNS (Jolliet- 
Riant and Tillement, 1999, Fundam. Clin. Pharmacol, 13, 16-26); biodegradable polymers, 
such as poly (DL-lactide-coglycolide) microspheres for sustained release delivery after 
implantation (Emerich, DF et al, 1999, Cell Transplant, 8, 47-58) Alkermes, Inc. Cambridge, 
MA; and loaded nanoparticles, such as those made of polybutylcyanoacrylate, which can 

20 deliver drugs across the blood brain barrier and can alter neuronal uptake mechanisms (Prog 
Neuropsychopharmacol Biol Psychiatry, 23, 941-949, 1999). Other non-limiting examples of 
delivery strategies, including CNS delivery of the nucleic acid molecules of the instant 
invention include material described in Boado et al, 1998, /. Pharm. Sci., 87, 1308-1315; 
Tyler et al., 1999, FEBSLett., 421, 280-284; Pardridge et aL, 1995, PNAS USA., 92, 5592- 

25 5596; Boado, 1995, Adv. Drug Delivery Rev., 15, 73-107; Aldrian-Herrada et al, 1998, 
Nucleic Acids Res., 26, 4910-4916; and Tyler et al, 1999, PNAS USA., 96, 7053-7058. All 
these references are hereby incorporated herein by reference. 

The invention also features the use of the composition comprising surface-modified 
liposomes containing poly (ethylene glycol) lipids (PEG-modified, or long-circulating 

30 liposomes or stealth liposomes). Nucleic acid molecules of the invention can also comprise 
covalently attached PEG molecules of various molecular weights. These formulations offer a 
method for increasing the accumulation of drugs in target tissues. This class of drug carriers 
resists opsonization and elimination by the mononuclear phagocytic system (MPS or RES), 
thereby enabling longer blood circulation times and enhanced tissue exposure for the 

35 encapsulated drug (Lasic et al. Chem. Rev. 1995, 95, 2601-2627; Ishiwata et aL, Chem. 
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Pharm. Bull 1995, 43, 1005-1011). Such liposomes have been shown to accumulate 
selectively in tumors, presumably by extravasation and capture in the neovascularized target 
tissues (Lasic et al t Science 1995, 267, 1275-1276; Oku £?/a/.,1995, Biochim. Biophys. Acta, 
1238, 86-90). The long-circulating liposomes enhance the pharmacokinetics and 

5 pharmacodynamics of DNA and RNA, particularly compared to conventional cationic 
liposomes which are known to accumulate in tissues of the MPS (Liu et al, J. Biol Chem. 
1995, 42, 24864-24870; Choi et aL, International PCT Publication No. WO 96/10391; Ansell 
et al, International PCT Publication No. WO 96/10390; Holland et al, International PCT 
Publication No. WO 96/10392; all of which are incorporated by reference herein). Long- 

10 circulating liposomes are also likely to protect drugs from nuclease degradation to a greater 
extent compared to cationic liposomes, based on their ability to avoid accumulation in 
metabolically aggressive MPS tissues such as the liver and spleen. All of these references are 
incorporated by reference herein. 

The present invention also includes compositions prepared for storage or administration 
15 which include a pharmaceutical^ effective amount of the desired compounds in a 
phaimaceutically acceptable carrier or diluent Acceptable carriers or diluents for therapeutic 
use are well known in the pharmaceutical art, and are described, for example, in Remington's 
Pharmaceutical Sciences, Mack Publishing Co. (AR. Gennaro edit. 1985) hereby 
incorporated by reference herein. For example, preservatives, stabilizers, dyes and flavoring 
20 agents can be provided. These include sodium benzoate, sorbic acid and esters of p- 
hydroxybenzoic acid. In addition, antioxidants and suspending agents can be used. 

A pharmaceutically effective dose is that dose required to prevent, inhibit the 
occurrence, or treat (alleviate a symptom to some extent, preferably all of the symptoms) of a 
disease state. The pharmaceutically effective dose depends on the type of disease, the 
25 composition used, the route of administration, the type of mammal being treated, the physical 
characteristics of the specific mammal under consideration, concurrent medication, and other 
factors which those skilled in the medical arts will recognize. Generally, an amount between 
0,1 mg/kg and 100 mg/kg body weight/day of active ingredients is administered dependent 
upon potency of the negatively charged polymer. 

30 The nucleic acid molecules of the invention and formulations thereof can be 

administered orally, topically, parenterally, by inhalation or spray or rectally in dosage unit 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, 
adjuvants and vehicles. The term parenteral as used herein includes percutaneous, 
subcutaneous, intravascular (e.g., intravenous), intramuscular, or intrathecal injection or 
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infusion techniques and the like. In addition, there is provided a pharmaceutical formulation 
comprising a nucleic acid molecule of the invention and a pharmaceutically acceptable 
carrier. One or more nucleic acid molecules of the invention can be present in association 
with one or more non-toxic pharmaceutically acceptable carriers and/or diluents and/or 
5 adjuvants, and if desired other active ingredients. The pharmaceutical compositions 
containing nucleic acid molecules of the invention can be in a form suitable for oral use, for 
example, as tablets, troches, lozenges, aqueous or oily suspensions, dispeisible powders or 
granules, emulsion, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use can be prepared according to any method known to 
10 the art for the manufacture of pharmaceutical compositions and such compositions can 
contain one or more such sweetening agents, flavoring agents, coloring agents or preservative 
agents in order to provide pharmaceutically elegant and palatable preparations. Tablets 
contain the active ingredient in admixture with non-toxic pharmaceutically acceptable 
excipients that are suitable for the manufacture of tablets. These excipients can be for 
15 example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, coin 
starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating 
agents, for example magnesium stearate, stearic acid or talc. The tablets can be uncoated or 
they can be coated by known techniques. In some cases such coatings can be prepared by 
20 known techniques to delay disintegration and absorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monosterate or glyceryl distearate can be employed. 

Formulations for oral use can also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium 
25 phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with 
water or an oil medium, for example peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable 
for the manufacture of aqueous suspensions. Such excipients are suspending agents, for 
example sodium carboxymethylcellulose, methylcellulose, hydropropyl-methylcellulose, 
30 sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting 
agents can be a naturally-occuiring phosphatide, for example, . lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or 
condensation products of ethylene oxide with long chain aliphatic alcohols, for example 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
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derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with partial esters derived from fatty acids and 
hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions 
can also contain one or more preservatives, for example ethyl, or n-propyl p- 
5 hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and one or more 
sweetening agents, such as sucrose or saccharin. 

Oily suspensions can be formulated by suspending the active ingredients in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as 
liquid paraffin. The oily suspensions can contain a thickening agent, for example beeswax, 
10 hard paraffin or cetyl alcohol. Sweetening agents and flavoring agents can be added to 
provide palatable oral preparations. These compositions can be preserved by the addition of 
an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide the active ingredient in admixture with a dispersing or wetting 
1 5 agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents 
or suspending agents are exemplified by those already mentioned above. Additional 
excipients, for example sweetening, flavoring and coloring agents, can also be present. 

Pharmaceutical compositions of the invention can also be in the form of oil-in-water 
emulsions. The oily phase can be a vegetable oil or a mineral oil or mixtures of these. 

20 Suitable emulsifying agents can be naturally-occurring gums, for example gum acacia or gum 
tragacanth, naturaUyrOccurring phosphatides, for example soy bean, lecithin, and esters or 
partial esters derived from fatty acids and hexitol, anhydrides, for example sorbitan 
monooleate, and condensation products of the said partial esters with ethylene oxide, for 
example polyoxyethylene sorbitan monooleate. The emulsions can also contain sweetening 

25 and flavoring agents. 

Syrups and elixirs can be formulated with sweetening agents, for example glycerol, 
propylene glycol, sorbitol, glucose or sucrose. Such formulations can also contain a 
demulcent, a preservative and flavoring and coloring agents. The pharmaceutical 
compositions can be in the form of a sterile injectable aqueous or oleaginous suspension. 
30 This suspension can be formulated according to the known art using those suitable dispersing 
or wetting agents and suspending agents that have been mentioned above. The sterile 
injectable preparation can also be a sterile injectable solution or suspension in a non-toxic 
parentally acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among 
the acceptable vehicles and solvents that can be employed are water, Ringers solution and 
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isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed 
as a solvent or suspending medium. For this purpose any Wand fixed oil can be employed 
including synthetic mono-or diglycerides. In addition, fatty acids such as oleic acid find use 
in the preparation of injectables. 

5 The nucleic acid molecules of the invention can also be administered in the form of 

suppositories, e.g., for rectal administration of the drug. These compositions can be prepared 
by mixing the drug with a suitable non-irritating excipient that is solid at ordinary 
temperatures but liquid at the rectal temperature and will therefore melt in the rectum to 
release the drug. Such materials include cocoa butter and polyethylene glycols. 

1 0 Nucleic acid molecules of the invention can be administered parenterally in a sterile 

medium. The drug, depending on the vehicle and concentration used, can either be suspended 
or dissolved in the vehicle. Advantageously, adjuvants such as local anesthetics, 
preservatives and buffering agents can be dissolved in the vehicle. 

Dosage levels of the order of from about 0.1 mg to about 140 mg per kilogram of body 
1 5 weight per day are useful in the treatment of the above-indicated conditions (about 0.5 mg to 
about 7 g per patient per day). The amount of active ingredient that can be combined with the 
carrier materials to produce a single dosage form varies depending upon the host treated and 
the particular mode of administration. Dosage unit forms generally contain between from 
about 1 mg to about 500 mg of an active ingredient. 

20 It is understood that the specific dose level for any particular patient depends upon a 

variety of factors including the activity of the specific compound employed, the age, body 
weight, general health, sex, diet, time of administration, route of administration, and rate of 
excretion, drug combination and the severity of the particular disease undergoing therapy. 

For administration to non-human animals, the composition can also be added to the 
25 animal feed or drinking water. It can be convenient to formulate the animal feed and drinking 
water compositions so that the animal takes in a therapeutically appropriate quantity of the 
composition along with its diet. It can also be convenient to present the composition as a 
premix for addition to the feed or drinking water. 

The nucleic acid molecules of the present invention can also be administered to a 
30 patient in combination with other therapeutic compounds to increase the overall therapeutic 
effect. The use of multiple compounds to treat an indication can increase the beneficial 
effects while reducing the presence of side effects. 
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Alternatively, certain of the nucleic acid molecules of the instant invention can be 
expressed within cells from eukaryotic promoters (e.g., Izant and Weintraub, 1985, Science, 
229, 345; McGany and lindquist, 1986, Proc. Natl Acad. S<*., USA 83, 399; Scanlon et al, 
1991, Proc. Natl Acad. Sci. USA, 88, 10591-5; Kashani-Sabet et al, 1992, Antisense Res. 
5 Dev., 2, 3-15; Dropulic et al, 1992, J. Virol, 66, 1432-41; Weerasinghe et al, 1991, J. 
Virol, 65, 5531-4; Ojwang et al, 1992, Proc. Natl Acad. Sci USA, 89, 10802-6; Chen et 
al, 1992, Nucleic Acids Res., 20, 4581-9; Sarver et al, 1990 Science, 247, 1222-1225; 
Thompson et al, 1995, Nucleic Acids Res., 23, 2259; Good et al, 1997, Gene Therapy, 4, 45; 
all of these references are hereby incoiporated in their totalities by reference herein). Those 
10 skilled in the art realize that any nucleic acid can be expressed in eukaryotic cells from the 
appropriate DNA/KNA vector. The activity of such nucleic acids can be augmented by their 
release from the primary transcript by a enzymatic nucleic acid (Draper et al, PCT WO 
93/23569, and Sullivan et al, PCT WO 94/02595; Ohkawa et al., 1992, Nucleic Acids Symp. 
Ser., 27, 15-6; Taira et al, 1991, Nucleic Acids Res., 19, 5125-30; Ventura et al, 1993, 
15 Nucleic Acids Res., 21, 3249-55; Chowrira et al, 1994, J. Biol. Chem., 269, 25856; all of 
these references are hereby incorporated in their totalities by reference herein). Gene therapy 
approaches specific to the CNS are described by Blesch et al, 2000, Drug News Perspect., 
13, 269-280; Peterson et al, 2000, Cent. Nerv. Syst. Dis., 485-508; Peel and Klein, 2000, J. 
Neurosci. Methods, 98, 95-104; Hagihara et al, 2000, Gene Ther., 7, 759-763; and Hetrlinger 
20 et al, 2000, Methods Mol Med., 35, 287-312. AAV-mediated delivery of nucleic acid to cells 
of the nervous system is further described by Kaplitt et al, US 6,180,613. 

In another aspect of the invention, RNA molecules of the present invention are 
preferably expressed from transcription units (see for example Couture et al, 1996, TIG., 12, 
510) inserted into DNA or RNA vectors. The recombinant vectors are preferably DNA 

25 plasmids or viral vectors. Ribozyme expressing viral vectors can be constructed based on, but 
not limited to, adeno-associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the nucleic acid molecules are delivered as 
described above, and persist in target cells. Alternatively, viral vectors can be used that 
provide for transient expression of nucleic acid molecules. Such vectors can be repeatedly 

30 administered as necessary. Once expressed, the nucleic acid molecule binds to the target 
mRNA. Delivery of nucleic acid molecule expressing vectors can be systemic, such as by 
intravenous or intra-muscular administration, by administration to target cells ex-planted 
from the patient followed by reintroduction into the patient, or by any other means that would 
allow for introduction into the desired target cell (for a review see Couture et al, 1996, 

35 TIG., 12, 510). 



WO 02/096927 



PCTAJS02/17674 



57 

In one aspect the invention features an expression vector comprising a nucleic acid 
sequence encoding at least one of the nucleic acid molecules of the instant invention. The 
nucleic acid sequence encoding the nucleic acid molecule of the instant invention is operably 
linked in a manner which allows expression of that nucleic acid molecule. 

5 In another aspect the invention features an expression vector comprising: a) a 

transcription initiation region (e.g., eukaryotic pol I, II or III initiation region); b) a 
transcription termination region eukaryotic pol I, II or m termination region); c) a 
nucleic acid sequence encoding at least one of the nucleic acid catalyst of the instant 
invention; and wherein said sequence is operably linked to said initiation region and said 

1 0 termination region, in a manner which allows expression and/or delivery of said nucleic acid 
molecule. The vector can optionally include an open reading frame (ORF) for a protein 
operably linked on the 5' side or the 3'-side of the sequence encoding the nucleic acid catalyst 
of the invention; and/or an intron (intervening sequences). 

Transcription of the nucleic acid molecule sequences ace driven from a promoter for 

1 5 eukaryotic RNA polymerase I (pol I), RNA polymerase II (pol H), or RNA polymerase ffl 
(pol IS). Transcripts from pol II or pol m promoters are expressed at high levels in all cells; 
the levels of a given pol II promoter in a given cell type depends on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. Prokaryotic RNA 
polymerase promoters are also used, providing that the prokaryotic RNA polymerase enzyme 

20 is expressed in the appropriate cells (Elroy-Stein and Moss, 1990, Proc. Natl Acad. Sci. V S 
A, 87, 6743-7; Gao and Huang 1993, Nucleic Acids Res.., 21, 2867-72; Lieber et al, 1993, 
Methods Enzymol, 217, 47-66; Zhou et al, 1990, Mol Cell Biol, 10, 4529-37). All of 
these references are incorporated by reference herein. Several investigators have 
demonstrated that nucleic acid molecules, such as ribozymes expressed from such promoters 

25 can function in mammalian cells (e.g. Kashani-Sabet et al t 1992, Antisense Res. Dev., 2, 3- 
15; Ojwang et al, 1992, Proc. Natl Acad. Sci. USA, 89, 10802-6; Chen et al, 1992, 
Nucleic Acids Res., 20, 4581-9; Yu et al, 1993, Proc. Natl Acad. Sci. USA, 90, 6340-4; 
L'Huillier et al., 1992, EMBO 1, 11,4411-8; Lisziewicz et al, 1993, Proc. Natl Acad. Set 
U. S. A, 90, 8000-4; Thompson et al, 1995, Nucleic Acids Res., 23, 2259; Sullengsr & Cech, 

30 1993, Science, 262, 1566). More specifically, transcription units such as the ones derived 
from genes encoding U6 small nuclear (snRNA), transfer RNA (tRNA) and adenovirus VA 
RNA are useful in generating high concentrations of desired RNA molecules such as 
ribozymes in cells (Thompson et al, supra; Couture and Stinchcomb, 1996, supra\ Noonberg 
et al, 1994, Nucleic Acid Res., 22, 2830; Noonberg et al, US Patent No. 5,624,803; Good et 

35 al, 1997, Gene Ther., 4, 45; Beigelman et al., International PCT Publication No. WO 
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96/18736; all of these publications are incorporated by reference herein. The above ribozyme 
transcription units can be incorporated into a variety of vectors for introduction into 
mammalian cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral KNA vectors (such as 
5 retroviral or alphavirus vectors) (for a review see Couture and Stinchcomb, 1996, supra). 

In another aspect the invention features an expression vector comprising nucleic acid 
sequence encoding at least one of the nucleic acid molecules of the invention, in a manner 
which allows expression of that nucleic acid molecule. The expression vector comprises in 
one embodiment; a) a transcription initiation region; b) a transcription termination region; c) 
10 a nucleic acid sequence encoding at least one said nucleic acid molecule; and wherein said 
sequence is operably linked to said initiation region and said termination region, in a manner 
which allows expression and/or delivery of said nucleic acid molecule. 

In another embodiment the expression vector comprises: a) a transcription initiation 
region; b) a transcription termination region; c) an open reading frame; d) a nucleic acid 

1 5 sequence encoding at least one said nucleic acid molecule, wherein said sequence is operably 
linked to the 3'-end of said open reading frame; and wherein said sequence is operably linked 
to said initiation region, said open reading frame and said termination region, in a manner 
which allows expression and/or delivery of said nucleic acid molecule. In yet another 
embodiment the expression vector comprises: a) a transcription initiation region; b) a 

20 transcription termination region; c) an intron; d) a nucleic acid sequence encoding at least one 
said nucleic acid molecule; and wherein said sequence is operably linked to said initiation 
region, said intron and said termination region, in a manner which allows expression and/or 
delivery of said nucleic acid molecule. 

In another embodiment, the expression vector comprises: a) a transcription initiation 
25 region; b) a transcription termination region; c) an intron; d) an open reading frame; e) a 
nucleic acid sequence encoding at least one said nucleic acid molecule, wherein said sequence 
is operably linked to the 3 '-end of said open reading frame; and wherein said sequence is 
operably linked to said initiation region, said intron, said open reading frame and said 
termination region, in a manner which allows expression and/or delivery of said nucleic acid 
30 molecule. 

Flt-1 (VEGFR1), KDR (VEGFR2) and/or flk-1 are attractive nucleic acid-based 
therapeutic targets by several criteria. The interaction between VEGF and VEGF-R is well- 
established. Efficacy can be tested in well-defined and predictive animal models. Finally, the 
disease conditions are serious and current therapies are inadequate. Whereas protein-based 
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therapies are designed to affect VEGF activity, nucleic acid-based therapy based on the 
molecules and methods described herein provides a direct and elegant approach to directly 
modulate flt-1, KDR and/or flk-1 expression. 

Because VEGFR1 and VEGFR2 mRNAs are highly homologous in certain regions, 
5 some nucleic acid target sites are also homologous. In this case, a single nucleic acid 
molecule of the invention can target both VEGFR1 and VEGFR2 mRNAs. At partially 
homologous sites, a single nucleic acid molecule can sometimes be designed to accommodate 
a site on both mRNAs by including G/U base pairing. For example, if there is a G present in 
a enzymatic nucleic acid target site in VEGFR1 mRNA at the same position there is an A in 
10 the VEGFR2 enzymatic nucleic acid target site, the enzymatic nucleic acid can be synthesized 
with a U at the complementary position and it will bind both to sites. The advantage of one 
enzymatic nucleic acid that targets both VEGFR1 and VEGFR2 mRNAs is clear, especially 
in cases where both VEGF receptors may contribute to the progression of angiogenesis in the 
disease state. 

15 Examples 

The following are non-limiting examples showing the selection, isolation, synthesis and 
activity of exemplary nucleic acids of the instant invention. 

The following examples demonstrate the selection and design of antisense, aptamer, 
dsRNA, allozyme, hammerhead, DNAzyme, NCH, Amberzyme, Zinzyme, or G-Cleaver 
20 ribozyme molecules and binding/cleavage sites within VEGF, VEGFR1 and/or VEGFR2 
RNA. 

Example 1 : Enzvmatic nucleic acid-mediated inhibition of angiogenesis in vivo 

The study described below was performed to assess the anti-angiogenic activity of 
hammerhead ribozymes targeted against flt-1 4229 site (SED ID NO: 5977) in the rat cornea 

25 model of VEGF induced angiogenesis (see above). These ribozymes have either active or 
inactive catalytic core and either bind and cleave or just bind to VEGF-R mRNA of the flt-1 
subtype. The active ribozymes, that are able to bind and cleave the target RNA, have been 
shown to inhibit (^-labeled) VEGF binding in cultured endothelial cells and produce a 
dose-dependent decrease in VEGF induced endothelial cell proliferation in these cells. The 

30 catalytically inactive forms of these ribozymes, which can only bind to the RNA but cannot 
catalyze RNA cleavage, failed to inhibit VEGF binding and failed to decrease VEGF induced 
endothelial cell proliferation. The ribozymes and VEGF were co-delivered using the filter 
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disk method: Nitrocellulose filter disks (Millipore®) of 0.057 diameter were immersed in 
appropriate solutions and were surgically implanted in rat cornea as described by Pandey et 
al, supra. This delivery method has been shown to deliver Aodamine-labeled free ribozyme 
to scleral cells and, in all likelihood cells of the pericorneal vascular plexus. Since the active 
5 ribozymes show cell culture efficacy and can be delivered to the target site using the disk 
method, it is essential that these ribozymes be assessed for in vivo anti-angjogenic activity. 

The stimulus for angiogenesis in this study was the treatment of the filter disk with 30 
\M VEGF which is implanted within the cornea's stroma. This dose yields reproducible 
neovascularization stemming from the pericorneal vascular plexus growing toward the disk in 

10 a dose-response study 5 days following implant. Filter disks treated only with the vehicle for 
VEGF show no angiogenic response. The ribozymes were co-adminstered with VEGF on a 
disk in two different ribozyme concentrations. One concern with the simultaneous 
administration is that the ribozymes will not be able to inhibit angiogenesis since VEGF 
receptors can be stimulated. However, we have observed that in low VEGF doses, the 

1 5 neovascular response reverts to normal suggesting that the VEGF stimulus is essential for 
maintaining the angiogenic response. Blocking the production of VEGF receptors using 
simultaneous administration of anti-VEGF-R mRNA ribozymes could attenuate the normal 
neovascularization induced by the filter disk treated with VEGF. 

Materials and Methods: 
20 1. Stock hammerhead ribozyme solutions: 

a. flt-1 4229 (786 nM>- Active 

b. flt-1 4229 (736 \xM)- Inactive 
2. Experimantal solutions/groups: 

Group 1 Solution 1 Control VEGF solution: 30 jiM in 82mM Tris base 
25 Group 2 Solution 2 flt-1 4229 (1 jig^L) in 30 \M VEGF/82 mM Tris base 
Group 3 Solution 3 flt-1 4229 (10 jig/jiL) in 30 \M VEGF/82 mM Tris base 
Group 4 Solution 4 No VEGF, flt-1 4229 (1 0 jig/jiL) in 82 mM Tris base 
GroupS Solutions No VEGF, No ribozyme in 82 mM Tris base 



WO 02/096927 



PCT/US02/17674 



61 

10 eyes per group, 5 animals (Since they have similar molecular weights, the molar 
concentrations should be essentially similar). 

Each solution (VEGF and RJBOZYMES) were prepared as a 2X solution for 1:1 mixing for 
fma l concentrations above, with the exception of solution 1 in which VEGF was 2X and 
5 diluted with ribozyme diluent (sterile water). 

3. VEGF Solutions 

The 2X VEGF solution (60 jxM) was prepared from a stock of 0.82 jig/jiL in 50 mM Tris 
base. 200 \xL of VEGF stock was concentrated by speed vac to a final volume of 60.8 \iL, for 
a final concentration of 2.7 \xg/pL or 60 \\M. Six 10 \iL aliquots was prepared for daily 
1 0 mixing. 2X solutions for VEGF and Ribozyme was stored at 4°C until the day of the surgery. 
Solutions were mixed for each day of surgery. Original 2X solutions was prepared on the day 
before the first day of the surgery. 

4. Surgical Solutions: 
Anesthesia: 

1 5 stock ketamine hydrochloride 1 00 mg/mL 

stock xylazdne hydrochloride 20 mg/mL 

stock acepromazine 10 mg/mL 

Final anesthesia solution : 50 mg/mL ketamine, 10 mg/mL xylazine, and 0.5 mg/mL 
acepromazine 

20 5% povidone iodine for opthalmic surgical wash 

2% lidocaine (sterile) for opthalmic administration (2 drops per eye) 
sterile 0.9% NaCl for opthalmic irrigation 

5. Surgical Methods: 

Standard surgical procedure as described in Pandey et al t supra. Filter disks were 
25 incubated in 1 ^iL of each solution for approximately 30 minutes prior to implantation. 

6. Experimental Protocol: 
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The animal cornea were treated with the treatment groups as described above. Animals 
were allowed to recover for 5 days after treatment with daily observation (scoring 0-3). On 
the fifth day animals were euthanized and digital images of each eye was obtained for 
quantitaion using Image Pro Plus. Quantitated neovascular surface area were analyzed by 
5 ANOVA followed by two post-hoc tests including Dunnets and Tukey-Kramer tests for 
significance at the 95% confidence level. Duimets provide information on the significance 
between the differences within the means of treatments vs. controls while Tukey-Kramer 
provide information on the significance of differences within the means of each group. 

The flt-1 4229 (SEQ ID NO: 5977) active hammerhead ribozyme at both 
1 0 concentrations was effective at inhibiting angiogenesis while the inactive ribozyme did not 
show any significant reduction in angiogenesis. A statistically signifiant reduction in 
neovascular surface area was observed only with active ribozymes. This result clearly shows 
that the ribozymes are capable of significantly inhibiting angiogenesis in vivo. Specifically, 
given ribozyme mechanism of action, the observed inhibition is by the binding and cleavage 
1 5 of target RNA by ribozymes. 

Example 2: Bioactivitv of anti-angiogenesis ribozymes tar geting flt-1 and kdr RNA 
MATERIALS AND METHODS 

Ribozymes : Hammerhead ribozymes and controls designed to have attenuated activity 
(attenuated controls) were synthesized and purified as previously described above. The 

20 attenuated ribozyme controls maintain the binding aim sequence of the parent ribozyme and 
thus are still capable of binding to the mRNA target. However, they have two nucleotide 
changes in the core sequence that substantially reduce their ability to cany out the cleavage 
reaction. Ribozymes were designed to target Flt-1 or KDR mRNA sites conserved in human, 
mouse, and rat. In general, ribozymes with binding arms of seven nucleotides were designed 

25 and tested. If; however, only six nucleotides surrounding the cleavage site were conserved in 
all three species, six nucleotide binding arms were used. Data are presented herein for 2'-NH 2 
uridine modified ribozymes in cell proliferation studies and for 2'-C-allyl uridine modified 
ribozymes in RNAse protection, in vitro cleavage and corneal studies. 

In vitro ribozyme cleavage assays: In vitro RNA cleavage rates on a 15 nucleotide 
30 synthetic RNA substrate were measured as previously described above. 

Cell culture: Human dermal microvascular endothelial cells (HMVEC-d, Clonetics 
Corp.) were maintained at 37°C in flasks or plates coated with 1.5% porcine skin gelatin (300 
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bloom, Sigma) in Growth medium (Clonetics Corp.) supplemented with 10-20% fetal bovine 
serum (FBS, Hyclone). Cells were grown to confluency and used up to the seventh passage. 
Stimulation medium consisted of 50% Sigma 99 media and 50% RPMI 1640 with L- 
glutamine and additional supplementation with 10 jig/mL Insulin-Transferrin-Selenium 
5 (Gibco BRL) and 10% FBS. Cell growth was stimulated by incubation in Stimulation 
medium supplemented with 20 ng/mL of either VEGFus or bFGR VEGFitf (165 amino 
acids) was selected for cell culture and animal studies because it is the predominant form of 
the four native forms of VEGF generated by alternative mRNA splicing. Cell culture assays 
were carried out in triplicate. 

1 0 Ribozyme and ribozyme/LlPOFECT AMINE™ formulations: 

Cell culture: Ribozymes or attenuated controls (50-200 nM) were formulated for cell 
culture studies and used immediately. Formulations were carried out with 
LlPOFECTAMINE™ (Gibco BRL) at a 3:1 lipid to phosphate charge ratio in serum-free 
medium (OPTI-MEM™, Gibco BRL) by mixing for 20 minutes at room temperature. For 
15 example, a 3:1 lipid to phosphate charge ratio was established by completing 200 nM 
ribozyme with 10.8 \ig/\iL LlPOFECTAMINE™ (13.5 pM DOSPA). 

In vivo: For corneal studies, lyophilized ribozyme or attenuated controls were 
resuspended in sterile water at a final stock concentration of 170 \ig/pL (highest dose). Lower 
doses (1 .7-50 jig/iiL) were prepared by serial dilution in sterile water. 

20 Proliferation assay: HMVEC-d were seeded (5 x 10 3 cells/well) in 48-well plates 

(Costar) and incubated 24-30 hours in Growth medium at 37°C. After removal of the Growth 
medium, cells were treated with 50-200 nM LlPOFECTAMINE™ complexes of ribozyme or 
attenuated controls for 2 hours in OPTI-MEM™. The ribozyme/control-containing medium 
was removed and the cells were washed extensively in IX PBS. The medium was then 

25 replaced with Stimulation medium or Stimulation medium supplemented with 20 ng/mL 
VEGFies or bFGF. After 48 hours, the cell number was determined using a Coulter™ cell 
counter. Data are presented as cell number per well following 48 hours of VEGF stimulation. 

RNAse protection assay: HMVEC-d were seeded (2 x 10 5 cells/well) in 6-well plates 
(Costar) and allowed to grow 32-36 hours in Growth medium at 37°C. Cells were treated with 
30 UpofectAMINE™ complexes containing 200 nM ribozyme or attenuated control for 2 h as 
described under '"Proliferation Assay" and then incubated in Growth medium containing 20 
ng/mL VEGFies for 24 hours. Cells were harvested and an RNAse protection assay was 
carried out using the Ambion Direct Protect kit and protocol with the exception that 50 mM 
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EDTA was added to the lysis buffer to eliminate the possibility of ribozyme cleavage during 
sample preparation. Antisense RNA probes targeting portions of Flt-1 and KDR were 
prepared by transcription in the presence of [ 32 P]-UTP. Samples were analyzed on 
polyacrylamide gels and the level of protected RNA fragments was quantified using a 
5 Molecular Dynamics Phosphorlmager. The levels of Flt-1 and KDR were normalized to the 
level of cyclophilin (human cyclophilin probe template, Ambion) in each sample. The 
coefficient of variation for cyclophilin levels was 11% [265940 cpm ± 29386 (SD)] for all 
conditions tested here (i.e. in the presence of either active ribozymes or attenuated controls). 
Thus, cyclophilin is useful as an internal standard in these studies. 

1 0 Rat corneal pocket assay of VEGF-induced angiogenesis: 

Animal guidelines and anesthesia. Animal housing and experimentation adhered to 
standards outlined in the 1996 Guide for the Care and Use of Laboratory Animals (National 
Research Council). Male Sprague Dawley rats (250-300 g) were anesthetized with ketamine 
(50 mg/kg), xylazine (10 mg/kg), and acepromazine (0.5 mg/kg) administered intramuscularly 
15 (im). The level of anesthesia was monitored every 2-3 min by applying hind limb paw 
pressure and examining for limb withdrawal. Atropine (0.4 mg/kg, im) was also administered 
to prevent potential corneal reflex-induced bradycardia. 

Preparation of VEGF soaked disk. For corneal implantation, 0.57 mm diameter 
nitrocellulose disks, prepared from 0.45 pm pore diameter nitrocellulose filter membranes 
20 (Millipore Corporation), were soaked for 30 min in 1 nL of 30 nM VEGF l65 in 82 mM 
Tris HCl (pH 6.9) in covered petri dishes on ice. 

Corneal surgery. The rat corneal model used in this study was a modified from Koch et 
al. Supra and Pandey et aL, supra. Briefly, corneas were irrigated with 0.5% povidone iodine 
solution followed by normal saline and two drops of 2% lidocaine. Under a dissecting 
25 microscope (Leica MZ-6), a stromal pocket was created and a presoaked filter disk (see 
above) was inserted into the pocket such that its edge was 1 mm from the corneal limbus. 

Intraconjunctival injection of test solutions. Immediately after disk insertion, the tip of 
a 40-50 \xm OD injector (constructed in our laboratory) was inserted within the conjunctival 
tissue 1 mm away from the edge of the corneal limbus that was directly adjacent to the 
30 VEGF-soaked filter disk. Six hundred nanoliters of test solution (ribozyme, attenuated control 
or sterile water vehicle) were dispensed at a rate of 1.2 pLfmm using a syringe pump (Kd 
Scientific). The injector was then removed, serially rinsed in 70% ethanol and sterile water 
and immersed in sterile water between each injection. Once the test solution was injected, 
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closure of the eyelid was maintained using microaneurism clips until the animal began to 
recover gross motor activity. Following treatment, animals were wanned on a heating pad at 
37°C. 

Animal treatment groups/experimental protocol Ribozymes targeting Flt-1 site 4229 
5 (SEQ ID NO: 5977) and KDR mRNA site 726 (SEQ ID NO: 5978) were tested in the corneal 
model along with their attenuated controls. Five treatment groups were assigned to examine 
the effects of five doses of each test substance over a dose range of 1-100 jig on VEGF- 
stimulated angiogenesis. Negative (30 \M VEGF soaked filter disk and intraconjunctival 
injection of 600 nL sterile water) and no stimulus (Tris-soaked filter disk and 
10 intraconjunctival injection of sterile water) control groups were also included. Each group 
consisted of five animals (10 eyes) receiving the same treatment. 

Quantitation of angiogenic response. Five days after disk implantation, animals were 
euthanized following im administration of 0.4 mg/kg atropine and corneas were digitally 
imaged. The neovascular surface area (NSA, expressed in pixels) was measured postmortem 

1 5 from blood-filled corneal vessels using computerized morphometry (Image Pro Plus, Media 
Cybernetics, v2.0). The individual mean NSA was determined in triplicate from three regions 
of identical size in the area of maximal neovascularization between the filter disk and the 
limbus. The number of pixels corresponding to the blood-filled corneal vessels in these 
regions was summated to produce an index of NSA. A group mean NSA was then calculated. 

20 Data from each treatment group were normalized to VEGF/ribozyme vehicle-treated control 
NSA and finally expressed as percent inhibition of VEGF-induced angiogenesis. 

Statistics. After determining the normality of treatment group means, group mean 
percent inhibition of VEGF-induced angiogenesis was subjected to a one-way analysis of 
variance. This was followed by two post-hoc tests for significance including Dunnett's 
25 (comparison to VEGF control) and Tukey-Kramer (all other group mean comparisons) at 
alpha - 0.05. Statistical analyses were performed using JMP v.3.1.6 (SAS Institute). 

RESULTS 

Ribozyme-mediated reduction of VEGF-induced cell proliferation: Ribozyme 
cleavage of Flt-1 or KDR mRNA should result in a decrease in the density of cell surface 
30 VEGF receptors. This decrease should limit VEGF binding and consequently interfere with 
the mitogenic signaling induced by VEGF. To determine if cell proliferation was impacted 
by anti-F/r-i and/or wfi-KDR ribozyme treatment, proliferation assays using cultured human 
microvascular cells were carried out Ribozymes included in the proliferation assays were 
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initially chosen by their ability to decrease the level of VEGF binding to treated cells. In these 
initial studies, ribozymes targeting 20 sites in the coding region of each mRNA were 
screened. The most effective ribozymes against two sites in each target, Flt-1 sites 1358 and 
4229 and KDR sites 726 and 3950, were included in the proliferation assayB reported hare. In 
5 addition, attenuated analogs of each ribozyme were used as controls. These attenuated 
controls are still capable of binding to the mRNA target since the binding arm sequence is 
maintained. However, these controls have two nucleotide changes in the core sequence that 
substantially reduce their ability to carry out the cleavage reaction. 

The active ribozymes tested decreased the relative proliferation of HMVEC-d after 
10 VEGF stimulation, an effect that increased with ribozyme concentration. This concentration 
dependency was not observed following treatment with the attenuated controls designed for 
these sites. In fact, little or no change in cell growth was noted following treatment with the 
attenuated controls, even though these controls can still bind to the specific target sequences. 
At 200 riM, there was a distinct ''window" between the anti-proliferative effects of each 
1 5 ribozyme and its attenuated control; a trend also observed at lower doses. This window of 
inhibition of proliferation (56-77% based on total cells/well) reflects the contribution of 
ribozyme-mediated activity. In comparison, no effect of anti-Ffr-i or anti-XM ribozymes 
was noted on bFGF-stimulated cell proliferation. Moreover, an irrelevant, but active, 
ribozyme whose binding sequence is not found in either Flt-1 or KDR mRNA had no effect in 
20 this assay. These data are consistent with the basic ribozyme mechanism in which binding 
and cleavage are necessary components. Although the relative surface distribution of Flt-1 
and KDR receptors in this cell type is not known, the antiproliferative effects of these 
ribozymes indicate that, at least in cell culture, both receptors are functionally coupled to 
proliferation. 

25 Specific redaction of or KDR mRNA by ribozyme treatment: To confirm that 

anti-Fft-i and mii-KDR ribozymes reduce their respective mRNA targets, cellular levels of 
Flt-1 or KDR were quantified using an RNAse protection assay with specific Flt-1 or KDR 
probes. For each target, one ribozyme/attenuated control pair was chosen for continued study. 
Exposure of HMVEC-d to active ribozyme targeting Flt-1 site 4229 decreased Flt-1 mRNA, 

30 but not KDR mRNA. Likewise, treatment with the active ribozyme targeting KDR site 726 
decreased KDR, but not Flt-1 mRNA. Both ribozymes decreased the level of their respective 
target RNA by greater than 50%. The degree of reduction associated with the corresponding 
attenuated controls was not greater than 13%. 



In vitro activity of anti-Fit and mtt-KDR ribozymes. 
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To confirm further the necessity of an active ribozyme core, in vitro cleavage activities 
were determined for the Flt-1 site 4229 ribozyme and the KDR site 726 ribozyme as well as 
their paired attenuated controls. The first order rate constants calculated from the time-course 
of short substrate cleavage for the anti-Fft-J ribozyme and its attenuated control were 0.081 ± 

5 0.0007 tnin 1 and 0.001 ± 6 x 10" 5 xmn\ respectively. Tor the anti-jKDH ribozyme and its 
paired control, the first order rate constants were 0.434 ± 0.024 min 1 and 0.002 ± 1 x 10" 4 
min \ respectively. Although the attenuated controls retain a very slight level of cleavage 
activity under these optimized conditions, the decrease in in vitro cleavage activity between 
each active ribozyme and its paired attenuated control is about two orders of magnitude. 

10 Thus, an active core is essential for cleavage activity in vitro and is also necessary for 
ribozyme activity in cell culture. 

Ribozyme-mediated reduction of VEGF-induced angiogenesis in vivo. To assess 
whether ribozymes targeting VEGF receptor mRNA could impact the complex process of 
angiogenesis, prototypic anti-Ffo-! and KDR ribozymes that were identified in cell culture 

15 studies were screened in a rat corneal pocket assay of VEGF-induced angiogenesis. In this 
assay, corneas implanted with VEGF-containing filter disks exhibited a robust neovascular 
response in the corneal region between the disk and the corneal limbus (from which the new 
vessels emerge). Disks containing a vehicle solution elicited no angiogenic response. In 
separate studies, intraconjunctival injections of sterile water vehicle did not affect the 

20 magnitude of the VEGF-induced angiogenic response. In addition, ribozyme injections alone 
did not induce angiogenesis. 

The doss-related effects of anti-Ffr-7 or KDR ribozymes on the VEGF-induced 
angiogenic response were then examined. The antiangiogenic effect of the anti-Ffe-i (site 
4229) and KDR (site 726) ribozymes and their attenuated controls over a dose range from 1 to 
25 100 ng, respectively was determined. For both ribozymes, the maximal antiangiogenic 
response (48 and 36% for anti-F/f-/ and KDR ribozymes, respectively) was observed at a 
dose of 10 fig. 

The anti-F/f-i ribozyme produced a significantly greater antiangiogenic response than 
its attenuated control at 3 and 10 jig (p<0.05). Its attenuated control exhibited a small but 
30 significant antiangiogenic response at doses above 10 ng compared to vehicle treated VEGF 
controls (p<0.05). At its maximum, this response was not significantly greater than that 
observed with the lowest dose of active anti-Fft-7 ribozyme. The anti-XM ribozyme 
significantly inhibited angiogenesis from 3 to 30 ng (p<0.05). The anti-£D* attenuated 
control had no significant effect at any dose tested. 
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Example 3. In vivo i nhibition of tumor growth and metastas es bv VEGF-R ribozymes, 

A. Lewis Lung Carcinoma Mouse Model: Ribozymes were chemically 
synthesized as described above. The sequence of ANGIOZYME™ bound to its target KNA is 
shown in Figure 1. 

5 The tumors in this study were derived from a cell line (LLC-HM) which gives rise to 

reproducible numbers of spontaneous lung metastases when propagated in vivo. The LLC- 
HM line was obtained from Dr. Michael O'Reilly, Harvard University. Tumor 
neovascularization in Lewis lung carcinoma has been shown to be VEGF-dependent. Tumors 
from mice bearing LLC-HM (selected for the highly metastatic phenotype by serial 

1 0 propagation) were harvested 20 days post-inoculation. A tumor brei suspension was prepared 
from these tumors according to standard protocols. On day 0 of the study, 0.5 x 10 6 viable 
LLC-HM tumor cells were injected subcutaneously (sc) into the dorsum or flank of 
previously untreated mice (100 \xL injectate). Tumors were allowed to grow for a period of 3 
days prior to initiating continuous intravenous administration of saline or 30mg/kg/d 

15 ANGIOZYME™ via Alzet mini-pumps. One set of animals was dosed from days 3 to 17, 
inclusive. Tumor length and width measurements and volumes were calculated according to 
the formula: Volume = 0.5(length)(width) 2 . At post-inoculation day 25, animals were 
euthanized and lungs harvested. The number of lung macrometastatic nodules was counted. 
It should be noted that metastatic foci were quantified 8 days after the cessation of dosing. 

20 Ribozyme solutions were prepared to deliver to another set of animals 100, 10, 3, or 1 
mg/kg/day of ANGIOZYME™ via Alzet mini-pumps. A total of 10 animals per dose or 
saline control group were surgically implanted on the left flank with osmotic mini-pumps pre- 
filled with the respective test solution three days following tumor inoculation. Pumps were 
attached to indwelling jugular vein catheters. 

25 Figure 2 shows the antitumor effects of ANGIOZYME™. There is a statistically 

significant inhibition (p < 0.05) of primary LLC-HM tumor growth in tumors grown in the 
flank regions compared to saline control. ANGIOZYME™ significantly reduced (p < 0.05) 
the number of lung metastatic foci in animals inoculated either in the flank regions. Figure 3 
illustrates the dose-dependent anti-metastatic effect of ANGIOZYME™ compared to saline 

30 control. 

B. Mouse Colorectal Cancer Model. KM12L4a-16 is a human colorectal cancer cell 
line. On day 0 of the study, 0.5 x 10 6 KM12L4a-16 cells were implanted into the spleen of 
nude mice. Three days after tumor inoculation, Alzet minipumps were implanted and 
continuous subcutaneous delivery of either saline or 12, 36 or 100 mg/kg/ day of 
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ANGIOZYME™ was initiated. On day 5, the spleens containing the primary tumors were 
removed. On day 18, the Alzet minipumps were replaced with fresh pumps so that delivery 
of saline or ANGIOZYME™ was continuous over a 28 day period from day 3 to day 32. 
Animals were euthanized on day 41 and the liver tumor burden was evaluated. 

5 Following treatment with 100 mg/kg/day of ANGIOZYME™, there was a significant 

reduction in the incidence and median number of liver metastasis (Figure 4). In saline- 
treated animals, the median number of metastases was 101. However, at the high dose of 
ANGIOZYME™ (100 mg/kg/day), the median number of metastases was zero. 

Example 4: Effect of ANGIOZYME™ alone or in combination with chemotherapeutic 
10 agents in the mouse Lewis Lung Carcinoma Model. 

Methods 

Tumor inoculations. Male C57/BL6 mice, age 6 to 8 weeks, were inoculated 
subcutaneously in the flank with 5 x 10 s LLC-HM cells from brei preparations made from 
tumors grown in mice. 

15 Ribozymes and controls. RPL4610, also known as ANGIOZYME™ (SEQ ID NO: 

5977), is an anti-Fft-i ribozyme that targets site 4229 in the human Flt-1 receptor mRNA 
(EMBL accession no. X51602). The controls tested include RPL13141, an attenuated version 
of RPI.4610 in which four nucleotides in the catalytic core are changed so that the cleavage 
activity is dramatically decreased. RPI. 13141, however, maintains the base composition and 

20 binding arms of RPI.4610 and so is still capable of binding to the target site. The second 
control (RPI. 13030) also has changes to the catalytic core (three) to inhibit cleavage activity, 
but in addition the sequence of the binding arms has been scrambled so that it can no longer 
bind to the target sequence. One nucleotide in the arm of RPI. 13030 is also changed to 
maintain the same base composition as RPI.4610. 

25 Ribozyme administrations. Ribozymes and controls were resuspended in normal 

saline. Administration was initiated seven days following tumor inoculation. Animals either 
received a daily subcutaneous injection (30 mg/kg test substance) from day 7 to day 20 or 
were instrumented with an Alzet osmotic minipump (12 jiL/day flow rate) containing a 
solution of ribozyme or control. Subcutaneous infusion pumps delivered the test substances 

30 (30 mg/kg/day) from day 7 to 20 (1 4-day pumps, 420 mg/kg total test substance) or days 7-34 
(28-day pumps, 840 mg/kg total test substance). Where indicated, chemotherapeutic agents 
were given in combination with ribozyme treatment. Cyclophosphamide was given by 
intraperitoneal administration on days 7, 9 and 11 (125 mg/kg). Gemcitabine was given by 
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intraperitoneal administration on days 8, 11 and 14 (125 mg/kg). Untreated, uninstrumented 
animals were used as comparison. Five animals were included in each group. 

Results 

5 The antiangiogenic ribozyme, ANGIOZYME™, was tested in a model of Lewis lung 

carcinoma alone and in combination with two chemotherapeutic agents. Previously (see 
above), 30 mg/kg/day ANGIOZYME™ alone was determined to inhibit both primary tumor 
growth and lung metastases in a highly metastatic variant of Lewis lung (continuous 14-day iv 
deliveryvw Alzet minipump, manuscript in preparation). 

10 In this study, 30 mg/kg/day ANGIOZYME™ delivered either as a daily subcutaneous 

bolus injection or as a continuous infusion from an Alzet minipump resulted in a delay in 
tumor growth. On average, tumor growth to 500 mm 3 was delayed by ~7 days in animals 
being treated with ANGIOZYME™ compared to an untreated group. Growth of tumors in 
animals being treated with either of two attenuated controls was delayed by only ~ 2 days. 

15 

ANGIOZYME™ delivered by subcutaneous bolus was also tested in combination with either 
Gemcytabine or cyclophosphamide. Tumor growth delay increased by about 3 days in the 
presence of combination therapy with ANGIOZYME™ and Gemcytabine over the effects of 
either treatment alone. The combination of ANGIOZYME™ and cyclophosphamide did not 
20 increase tumor growth delay over that of cyclophosphamide alone, however, suboptimal 
doses of cyclophosphamide were not included in this study. Neither of the attenuated 
controls increased the effect of the chemotherapeutic agents. 

The effect of ANGIOZYME™ on metastases to the lung was also determined in the 
25 presence and absence of additional chemotherapeutic treatment Macrometastases to the 
lungs were counted in two animals in each treatment group on day 20. In the presence of 
ANGIOZYME™, with or without a chemotherapeutic agent, the lung metastases were 
reduced to zero. Treatment with either Gemcytabine or cyclophosphamide alone (mean 
number of metastases 4.5 and 4, respectively) were not as effective as ANGIOZYME™ alone 
30 or when used in combination with ANGIOZYME™. Neither of the attenuated controls 
increased the effect of the chemotherapeutic agents. 

The effect on metastases to the lung was also determined following continuous 
treatment with ANGIOZYME™. At day 20, an average of -8 macrometastases were noted in 
35 the treatment groups which had been instrumented with Alzet minipumps (either 14- or 28- 
day pumps). This is a decrease in metastases of -50% from the untreated group. Since 
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ANGIOZYME™ delivered by a daily subcutaneous bolus resulted in zero metastases (Fig.4) 
in the two animals counted, it is possible that the additional burden of being instrumented 
with the minipump contributes to a slightly decreased response to ANGIOZYME™. 

Example 5: Identification of Potential Target Sites in Human VEGFR1 and/or VEGFR2 RNA 

5 The sequence of human VEGFR1 and/or VEGFR2 genes are screened for accessible 

sites using a computer-folding algorithm. Regions of the RNA that do not form secondary 
folding structures and contain potential enzymatic nucleic acid molecule and/or antisense 
binding/cleavage sites are identified. An exemplary sequence of an enzymatic nucleic acid 
molecule of the invention is shown in Formula I and/or Formula II (SEQ ID Nos: 5977 and 

1 0 5978, respectively). Other nucleic acid molecules and targets contemplated by the invention 
are described in Pavco et al, US Patent Application No. 09/870,161, incorporated by 
reference herein in its entirety. Similarly, other nucleic acid molecules of the invention, 
including antisense, aptamers, dsRNA, siRNA, and/or 2,5-A chimeras, can be designed to 
modulate the expression of the nucleic acid targets described in Pavco et al., US Patent 

1 5 Application No. 09/870,161 . 

Example 6: Selection of Enzymatic Nucleic Acid Cleavage Sites in Human VEGFR1 and/or 
VEGFR2RNA 

Enzymatic nucleic acid molecule target sites are chosen by analyzing sequences of 
human VEGFR1 receptor (for example Genbank Accession No. NM_002019), and VEGFR2 

20 receptor (for example Genbank Accession No. NMJJ02253) genes and prioritizing the sites 
on the basis of folding. Enzymatic nucleic acid molecules are designed that can bind each 
target and are individually analyzed by computer folding (Christoffersen et al, 1994 J. MoL 
Struc. Theochern, 311, 273; Jaeger et al., 1989, Proa Natl Acad. Sci. USA, 86, 7706) to 
assess whether the enzymatic nucleic acid molecule sequences fold into the appropriate 

25 secondary structure. Those enzymatic nucleic acid molecules with unfavorable 
intramolecular interactions between the binding arms and the catalytic core can be eliminated 
from consideration. As discussed herein, varying binding ami lengths can be chosen to 
optimize activity. Generally, at least 4 bases on each aim are able to bind to, or otherwise 
interact with, the target RNA. 

30 Example 7: Chemical Synthesis and Purification of Ribozvmes and Antisense for Efficient 
Cleavape and/or blocking of YEGFR1 and/or VEGFR2 RNA 
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Enzymatic nucleic acid molecules and antisense constructs are designed to anneal to 
various sites in the RNA message. The binding aims of the enzymatic nucleic acid molecules 
are complementary to the target site sequences described above, while the antisense 
constructs are folly complementary to the target site sequences described above. RNAi 

5 molecules (dsRNA) likewise have one strand of KNA or a portion of KNA complementarity 
to the target site sequence or a portion of the target site sequence. For example, 
complementarity within the double-strand RNAi structure is formed from two separate 
individual KNA strands or from self-complementary areas of a topologically closed, 
individual RNA strand which can be optionally circular. The nucleic acid molecules were 

10 chemically synthesized. The method of synthesis used followed the procedure for normal 
RNA synthesis as described above and in Usman et al, (1987 J. Am. Chem. Soc., 109, 
7845), Scaringe et al, (1990 Nucleic Acids Res, 18, 5433) and Wincott et al, supra, and 
made use of common nucleic acid protecting and coupling groups, such as dimethoxytrityl at 
the 5'-end, and phosphoramidites at the 3'-end. The average stepwise coupling yields were 

15 typically >98%. 

Nucleic acid molecules are also synthesized from DNA templates using bacteriophage 
T7 RNA polymerase (Milligan and Uhlenbeck, 1989, Methods Enzymol. 180, 51). Nucleic 
acid molecules of the invention are purified by gel electrophoresis using general methods or 
are purified by high pressure liquid chromatography (HPLC; See Wincott et al, supra; the 
20 totality of which is hereby incorporated herein by reference) and are resuspeuded in water. 
Examples of sequences of chemically synthesized enzymatic nucleic acid molecules are 
shown in Formula I (SEQ ID NO: 5977), Formula H (SEQ ID NO: 5978) and in Pavco et al, 
US Patent Application No. 09/870,161. 

Kvam ple 8: Enzymatic Nucleic Acid Molecule Cleavage o f VEGFR1 and/or VEGFR2 RNA 
25 Target in vitro 

Enzymatic nucleic acid molecules targeted to the human VEGFR1 and/or VEGFR2 
RNA are designed and synthesized as described above. These enzymatic nucleic acid 
molecules can be tested for cleavage activity in vitro, for example, using the following 
procedure. The target sequences and the nucleotide location within the VEGFR1 and/or 
30 VEGFR2 RNA are described in Pavco et al, US Patent Application No. 09/870,161 . 

Cleavage Reactions: Full-length or partially full-length, internally-labeled target RNA 
for enzymatic nucleic acid molecule cleavage assay is prepared by in vitro transcription in the 
presence of [a- 32 p] CTP, passed over a G 50 Sephadex column by spin chromatography and 
used as substrate RNA without further purification. Alternately, substrates are 5'- 32 P-end 
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labeled using T4 polynucleotide kinase enzyme. Assays are performed by pre-warming a 2X 
concentration of purified enzymatic nucleic acid molecule in enzymatic nucleic acid molecule 
cleavage buffer (50 mM Tri*-HCl, pH 7.5 at 37°C, 10 mM MgCl 2 ) and the cleavage reaction 
was initiated by adding the 2X enzymatic nucleic acid molecule mix to an equal volume of 
5 substrate RNA (maximum of 1-5 nM) that was also pre-warmed in cleavage buffer. As an 
initial screen, assays are carried out for 1 hour at 37°C using a final concentration of either 40 
nM or 1 mM enzymatic nucleic acid molecule, le., enzymatic nucleic acid molecule excess. 
The reaction is quenched by the addition of an equal volume of 95% formamide, 20 mM 
EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol after which the sample is heated 
10 to 95°C for 2 minutes, quick chilled and loaded onto a denaturing polyacrylamide gel. 
Substrate RNA and the specific RNA cleavage products generated by enzymatic nucleic acid 
molecule cleavage are visualized on an autoradiograph of the gel. The percentage of cleavage 
is determined by Phosphor Imager® quantitation of bands representing the intact substrate 
and the cleavage products. 

15 Example 9: Phase I/II Study of Repetitive Dosing of ANGIOZYME™ Targeting the 
VKGFR1 (FLT-n Receptor of VEGF 

A ribozyme therapeutic agent ANGIOZYME™ (SEQ ID NO: 5977), was assessed by daily 
subcutaneous administration in a phase VQ trial for 31 patients with refractory solid tumors. 
Demographic information relating to patients enrolled in the study are shown in Table ffl. 

20 The primary study endpoint was to determine the safety and maximum tolerated dose of 
ANGIOZYME™. Secondary endpoints assessed ANGIOZYME™ pharmacokinetics and 
clinical response. Patients were treated at the following doses: 3 patients received doses of 10 
mgfai 2 /day, 4 patients received 30 mgfo^/day, 20 patients received 100 mg/m 2 /day, and 4 
patients received 300 mg/m 2 /day. All but one patient were dosed for a minimum of 29 

25 consecutive days with 24-hour pharmacokinetic analyses on Day 1 and 29. Clinical response 
was assessed monthly. Results The data from 20 patients indicated that 
ANGIOZYME™ was well tolerated, with no systemic adverse events. Figure 5 shows the 
plasma concentration profile of ANGIOZYME™ after a single subcutaneous dose of 10, 30, 
100, or 300 mg/m 2 . The pharmacokinetic parameters of ANGIOZYME™ after subcutaneous 

30 bolus administration are outlined in Table IV. An MTD (maximum tolerated dose) could not 
be established. One patient in the 300 mg/m 2 /d group experienced a grade 3 injection site 
reaction. Patients in the other groups experienced intermittent grade 1 and grade 2 injection 
site reactions with erythema and induration. No systemic or laboratory toxicities were 
observed. Pharmacokinetic analyses demonstrated dose-dependent plasma concentrations 

35 with good bioavailability (70-90%), tl/2 = 209-384 min, and no accumulation after repeated 
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doses. To date, 17/28 (61%) of evaluable patients have had stable disease for periods of one 
to six months and two patients (nasopharyngeal squamous cell carcinoma and melanoma) had 
minor clinical responses. The patient with nasopharyngeal carcinoma demonstrated central 
tumor necrosis as indicated by MRI The longest period of treatment thus far has been 8 
5 months for two patients at 1 00 mg/m 2 /d (breast, peritoneal mesothelioma). 

Exam ple 10: Down-regulation of VEGFR1 pene exp ression to treat gynecologic 
neovascularization dependent conditions 

One patient in the Phase VR trial described in Example 19 was menstruating prior to 
enrollment in the ANGIOZYMH™ monotherapy trial. After 1-2 months on trial, the patient's 

1 0 menstrual cycles ceased. The patient remained on trial for approximately 1 1 months and did 
not menstruate. The patient then went off the trial for about 4 months and the menstrual 
cycles resumed. Re-enrollment in the ANGIOZYME™ trial resulted in the patient's 
menstrual cycle stopping again. This clinical observation suggests that ANGIOZYME™ is 
interfering with the patient's menstrual cycle, perhaps by inhibiting neovascularization of 

1 5 uterine tissue. This data also suggests that ANGIOZYME™ has a direct effect on the 
endometrial tissue or an effect on LH/FSH stimulation. These results suggest the treatment or 
control, using ANGIOZYME?* (SEQ ID NO: 5977) and/or other nucleic acid molecules of 
the instant invention, of various clinical targets and/or processes associated with female 
reproduction and gynecologic neovascularization, such as endometriosis, birth control, 

20 gynecologic bleeding disorders, irregular menstrual cycles, ovulation, premenstrual syndrome 
(PMS), menopausal dysfunction, endometrial carcinoma or other condition associated with 
the expression of VEGFR1 and/or VEGFR2 VEGF receptors. 

Example 11: Down-regulation of VEGFR1 in clinical setting 

Twenty-seven of the patients enrolled in the Phase VJL trial described in Example 19 
25 had day 1 (baseline) and day 43 (six-week) serum samples assayed for VEGFR1 biomarker. 
VEGFR1 levels were statistically different after six weeks of ANGIOZYME treatment 
(Figure 9). Although statistical testing involving all 27 patients showed statistical support for 
effects, not all patients presented with elevated levels of VEGF-R1. Since the effects of 
ANGIOZYME on VEGF-R1 may only be demonstrated when sufficient levels are present at 
30 baseline, a cutoff of 100 pg/mL was chosen and changes in this VEGF-R1 were re-analyzed. 
Ten of the 27 patients presented with baseline VEGF-R1 levels in excess of 100 pg/mL. For 
this subgroup VEGF-R1 levels were lower by 3-fold, p<.001. After six weeks of treatment 
the average (geometric mean) of VEGF-R1 decreased for this subgroup from 419 pg/ml to 
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132pg/ml, p<.001. These results show that treatment with ANGIOZYME results in a 
statistically significant reduction in VEGFR1 expression. 

Example 22: In vivo inhibition o f neovascularization in an ocular animal model by VE GF-R 
ribozvmes. 

5 Summary of the Mouse Model: A mouse model of proliferative retinopathy (Aiello et 

aL, 1995, Proc. Natl Acad. ScL USA 92: 10457-10461; Robinson et al., 1996 t Proc. Natl 
Acad. Sci. USA 93: 4851-4856; Pierce et aL, 1996, Archives of Ophthalmology 114: 1219- 
1228) in which neovascularization of the mouse retina is induced by exposure of 7-day old 
mice to 75% oxygen followed by a return to normal room air. The initial period in high 

1 0 oxygen causes an obliteration of developing blood vessels in the retina. Exposure to room air 
five days later is perceived as hypoxia by the now underperfused retina. The result is an 
immediate upregulation of VEGF mRNA and VEGF protein (between 6-12 hours) followed 
by an extensive retinal neovascularization that peaks in -5 days. Although this model is more 
representative of retinopathy of prematurity than diabetic retinopathy, it is an accepted small 

15 animal model in which to study neovascular pathophysiology of the retina. In fact, 
intravitreal injection of certain antisense DNA constructs targeting VEGF mRNA have been 
found to be antiangiogenic in this model, as were soluble VEGF receptor chimeric proteins 
designed to bind VEGF in the vitreous humor (Aiello et al., 1995, Proc. Natl Acad. Sci USA 
92: 10457-10461; Robinson et al t 1996, Proa Natl Acad. ScL USA 93: 4851-4856; Pierce 

20 et al., 1996, Archives of Ophthalmology 114: 1219-1228). 

Summary of experiment: The effect of an aix^KDR/Flk-l ribozyme on the peak level 
of neovascularization was tested in the mouse model described above. As shown in Figure 
10, P7 mice were removed from the hyperoxic chamber and the mice received two intraocular 
injections (P12 and P13) in the right eye of 10 jig RPI4731, the anti- KDR/Flk-1 ribozyme. 
25 The left eye of each mouse was treated as a control and received intraocular injections of 
saline. Five days after being exposed to room air, neovascular nuclei in the retina of both 
eyes were counted. Data are presented in Figure 11. There was a significant decrease in 
retinal neovascularization (-40%) compared to the control, saline-injected eyes. 

RPL4731 sequence and chemical composition: 
30 5 '-UsafiCs asau ucU GAu Gag gcg aaa gec Gaa Aag aca aB-3 ' (SEQ ID NO: 5978) 

where: 

uppercase G, A = ribonucleotides 
35 lowercase = 2'-0Me 

U = 2'-C-allyl uridine 
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B 53 inverted abasic nucleotide 

S = phosphorotbioate inteinucleotide linkage 

Indications 

5 l) Tumor ansiogenesis: Angiogenesis has been shown to be necessary for tumors to 

grow into pathological size (Folkman, 1971, PNAS 76, 5217-5221; Wellstein & Czubayko, 
1996, Breast Cancer Res and Treatment 38, 109-119). In addition, it allows tumor cells to 
travel through the circulatory system during metastasis. Increased levels of gene expression 
of a number of angiogenic factors such as vascular endothelial growth factor (VEGF) have 

10 been reported in vascularized and edema-associated brain tumors (Berkman et al, 1993 J. 
Clint Invest 91, 153). A more direct demostration of the role of VEGF in tumor 
angiogenesis was demonstrated by Jim Kim et al> 1993 Nature 362,841 wherein, monoclonal 
antibodies against VEGF were successfully used to inhibit the growth of rhabdomyosarcoma, 
glioblastoma multiforme cells in nude mice. Similarly, expression of a dominant negative 

15 mutated form of the flt-1 VEGF receptor inhibits vascularization induced by human 
glioblastoma cells in nude mice (Millauer et al., 1994, Nature 367, 576). Specific 
tumor/cancer types that can be targeted using the nucleic acid molecules of the invention 
include but are not limited to the tumor/cancer types described under Diagnosis in Table m. 

2) Ocular diseases: Neovascularization has been shown to cause or exacerbate ocular 
20 diseases including but not limited to, macular degeneration, neovascular glaucoma, diabetic 

retinopathy, myopic degeneration, and trachoma (Norrby, 1997, APMIS 105, 417-437). Aiello 
et at, 1994 New Engl J. Med. 331, 1480, showed that the ocular fluid, of a majority of 
patients suffering from diabetic retinopathy and other retinal disorders, contains a high 
concentration of VEGF. Miller et al, 1994 Am. J. Pathol 145, 574, reported elevated levels 
25 of VEGF mRNA in patients suffering from retinal ischemia. These observations support a 
direct role for VEGF in ocular diseases. Other factors including those that stimulate VEGF 
synthesis may also contribute to these indications. 

3) Dermatological Disorders: Many indications have been identified which may by 
angiogenesis dependent including but not limited to psoriasis, verruca vulgaris, angiofibroma 

30 of tuberous sclerosis, pot-wine stains, Sturge Weber syndrome, Kippel-Trenaunay-Weber 
syndrome, and Osier- Weber-Rendu syndrome (Norrby, supra). Intradermal injection of the 
angiogenic factor b-FGF demonstrated angiogenesis in nude mice (Weckbecker et al., 1992, 
Angiogenesis: Key principles-Science-Technology-Medicine, ed R. Steiner) Detmar et al, 
1994 J. Exp. Med. 180, 1141 reported that VEGF and its receptors were over-expressed in 
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psoriatic skin and psoriatic dermal microvessels, suggesting that VEGF plays a significant 
role in psoriasis. 

4) Rheumatoid arthritis: Immunohistochemistry and in situ hybridization studies on 
tissues from the joints of patients suffering from rheumatoid arthritis show an increased level 

5 of VEGF and its receptors (Fava et al, 1994 J. Exp. Med. 180, 341). Additionally, Koch et 
al, 1994 J. Immunol 152, 4149, found that VEGF-specific antibodies were able to 
significantly reduce die mitogenic activity of synovial tissues from patients suffering from 
rheumatoid arthritis. These observations support a direct role for VEGF in rheumatoid 
arthritis. Other angiogenic factors including those of the present invention may also be 

1 0 involved in arthritis. 

5) Endometriosis: Various studies indicate that VEGF is directly implicated in 
endometriosis. In one study, VEGF concentrations measured by ELISA in peritoneal fluid 
were found to be significantly higher in women with endometriosis than in women without 
endometriosis (24.1 ± 15 ng/ml vs 13.3 ± 7.2 ng/ml in normals). In patients with 

1 5 endometriosis, higher concentrations of VEGF were detected in the proliferative phase of the 
menstrual cycle (33 ± 13 ng/ml) compared to the secretory phase (10.7 ± 5 ng/ml). The cyclic 
variation was not noted in fluid from normal patients (McLaren et al, 1996, Human Reprod. 
11, 220-223). In another study, women with moderate to severe endometriosis had 
significantly higher concentrations of peritoneal fluid VEGF than women without 

20 endometriosis. There was a positive correlation between the severity of endometriosis and the 
concentration of VEGF in peritoneal fluid. In human endometrial biopsies, VEGF expression 
increased relative to the early proliferative phase approximately 1.6-, 2-, and 3.6-fold in 
midproliferative, late proliferative, and secretory endometrium (Shifren et al, 1996, J. Clin. 
Endocrinol. Metab. 81, 3112-31 18). 

25 In a third study, VEGF-positive staining of human ectopic endometrium was shown to 

be localized to macrophages (double immunofluorescent staining with CD 14 marker). 
Peritoneal fluid macrophages demonstrated VEGF staining in women with and without 
endometriosis. However, increased activation of macrophages (acid phosphatatse activity) 
was demonstrated in fluid from women with endometriosis compared with controls. 

30 Peritoneal fluid macrophage conditioned media from patients with endometriosis resulted in 
significantly increased cell proliferation ([ 3 H] thymidine incorporation) in HUVEC cells 
compared to controls. The percentage of peritoneal fluid macrophages with VEGFR2 mRNA 
was higher during the secretory phase, and significantly higher in fluid from women with 
endometriosis (80 ± 15%) compared with controls (32 ± 20%). Flt-mRNA was detected in 
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peritoneal fluid macrophages from women with and without endometriosis, but there was no 
difference between the groups or any evidence of cyclic dependence (McLaren et al t 1996, J. 
Clin. Invest. 98, 482-489). 

In the early proliferative phase of the menstrual cycle, VEGF has been found to be 
5 expressed in secretory columnar epithelium (estrogen-responsive) lining both 1he oviducts 
and the uterus in female mice. During the secretory phase, VEGF expression was shown to 
have shifted to the underlying stroma composing the functional endometrium. In addition to 
examining the endometrium, neovascularization of ovarian follicles and the corpus luteum, as 
well as angiogenesis in embryonic implantation sites have been analyzed. For these processes, 
1 0 VEGF was expressed in spatial and temporal proximity to forming vasculature (Shweiki et 
al, 1993, J. Clin. Invest 91, 2235-2243). 

The present body of knowledge in VEGFR1 and/or VEGFR2 research indicates the 
need for methods to assay VEGFR1 and/or VEGFR2 activity and for compounds that can 
regulate VEGFR1 and/or VEGFR2 expression for research, diagnostic, and therapeutic use. 
1 5 As described herein, the nucleic acid molecules of the present invention can be used in assays 
to diagnose disease state related of VEGF, VEGFR1 and/or VEGFR2 levels. M addition, the 
nucleic acid molecules can be used to treat disease state related to VEGF and/or VEGFr, such 
as VEGFR1 and/or VEGFR2 levels. 

Particular processes, diseases, or conditions that can be associated with VEGFR1 
20 and/or VEGFR2 levels include, but are not limited to, gynecologic neovascularization, such 
as endometriosis, endometrial carcinoma, gynecologic bleeding disorders, irregular menstrual 
cycles, ovulation, premenstrual syndrome (PMS), menopausal dysfunction, other diseases and 
conditions discussed herein, and other diseases or conditions that are related to or respond to 
the levels of VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2, in a cell or tissue, 
25 alone or in combination with other therapies 

The use of GnRH (gonadotropin releasing hormone) agonists, Lupron Depot (Leuprolide 
Acetate), Synarel (naferalin acetate), Zolodex (goserelin acetate), Suprefact (buserelin 
acetate), Danazol, or oral contraceptives including, but not limited to, Depo-Provera or 
Provera (medroxyprogesterone acetate), or any other estrogen/progesterone contraceptive, are 
30 all non-limiting examples of compounds and methods that can be combined with or used in 
conjunction with the nucleic acid molecules of the instant invention. Various chemotherapies 
can be readily combined with nucleic acid molecules of the invention for the treatment of 
endometrial carcinoma. Common chemotherapies that can be combined with nucleic acid 
molecules of the instant invention include various combinations of cytotoxic drugs to kill the 
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cancer cells. These drugs include but are not limited to paclitaxel (Taxol), docetaxel, 
cisplatin, methotrexate, cyclophosphamide, doxorubin, fluorouracil carboplatin, edairexate, 
gemcitabine, vinorelbine etc. Those skilled in the art will recognize that other drug 
compounds and therapies can be readily combined with the nucleic acid molecules of the 
5 instant invention and are hence within the scope of the instant invention. 

Animal Models 

There are several animal models in which the anti-angiogenesis effect of nucleic acids 
of the present invention, such as ribozymes, directed against VEGF-R mRNAs can be tested. 
Typically, a corneal model has been used to study angiogenesis in rat and rabbit since 

1 0 recruitment of vessels can easily be followed in this normally avascular tissue (Pandey et al, 
1995 Science 268: 567-569). In these models, a small Teflon or Hydron disk pretreated with 
an angiogenesis factor (ag. bFGF or VEGF) is inserted into a pocket surgically created in the 
cornea. Angiogenesis is monitored 3 to 5 days later. Ribozymes directed against VEGF-R 
mRNAs would be delivered in the disk as well, or dropwise to the eye over the time course of 

1 5 the experiment. In another eye model, hypoxia has been shown to cause both increased 
expression of VEGF and neovascularization in the retina (Pierce et al, 1995 Proc. Natl 
Acad. SclVSA. 92: 905-909; Shweiki ef a/., 19927. Clin. Invest 91: 2235-2243). 

In human glioblastomas, it has been shown that VEGF is at least partially responsible 
for tumor angiogenesis (Plate et al, mi Nature 359, 845). Animal models have been 
20 developed in which glioblastoma cells are implanted subcutaneously into nude mice and the 
progress of tumor growth and angiogenesism is studied (Kim et al, 1993 supra; Millauer et 
al, 1994 supra). 

Another animal model that addresses neovascularization involves Matrigel, an extract 
of basement membrane that becomes a solid gel when injected subcutaneously (Passaniti et 
25 al, 1992 Lab. Invest. 67: 519-528). When the Matrigel is supplemented with angiogenesis 
factors such as VEGF, vessels grow into the Matrigel over a period of 3 to 5 days and 
angiogenesis can be assessed. Ribozymes directed against VEGF-R mRNAs can be delivered 
in the Matrigel to assess anti-angiogesis effect. 

Several animal models exist for screening of anti-angiogenic agents. These include 
30 corneal vessel formation following corneal injury (Burger et al, 1985 Cornea 4: 35-41; 
Lepri, et al, 1994 /. Ocular Pharmacol 10: 273-280; Ormerod et al, 1990 Am. J. Pathol. 
137: 1243-1252) or intracorneal growth factor implant (Grant et al, 1993 Diabetologia 36: 
282-291; Pandey et al. 1995 supra; Heche et al, 1992 Lab. Invest. 67: 711-715), vessel 
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growth into Matrigel matrix containing growth factors (Passaniti et al, 1992 supra), female 
reproductive organ neovascularization following hormonal manipulation (Shweiki et al, 
1993 Clin. Invest 91: 2235-2243), several models involving inhibition of tumor growth in 
highly vascularized solid tumors (O'Reilly et al, 1994 Cell 79: 315-328; Senger et aL t 1993 
5 Cancer and Metas. Rev. 12: 303-324; Takahasi et al, 1994 Cancer Res. 54: 4233-4237; 
Kim et al, 1993 supra), and transient hypoxia-induced neovascularization in the mouse retina 
(Pierced, 1995 Proa Natl Acad Set USA. 92: 905-909). 

The cornea model, described in Pandey et al. supra, is the most common and well 
characterized anti-angiogenic agent efficacy screening model. This model involves an 

10 avascular tissue into which vessels are recruited by a stimulating agent (growth factor, 
thermal or alkalai bum, endotoxin). The corneal model utilizes the intrastromal corneal 
implantation of a Teflon pellet soaked in a VEGF-Hydron solution to recruit blood vessels 
toward the pellet which can be quantitated using standard microscopic and image analysis 
techniques. To evaluate their anti-angiogenic efficacy, ribozymes are applied topically to the 

1 5 eye or bound within Hydron on the Teflon pellet itself. This avascular cornea as well as the 
Matrigel (see below) provide for low background assays. While the corneal model has been 
performed extensively in the rabbit, studies in the rat have also been conducted. 

The mouse model (Passaniti et al., supra) is a non-tissue model which utilizes Matrigel, 
an extract of basement membrane (Kleinman et al., 1986) or Millipore® filter disk, which can 

20 be impregnated with growth factors and anti-angiogenic agents in a liquid form prior to 
injection. Upon subcutaneous administration at body temperature, the Matrigel or Millipore® 
filter disk forms a solid implant. VEGF embedded in the Matrigel or Millipore® filter disk 
would be used to recruit vessels within the matrix of the Matrigel or Millipore® filter disk 
which can be processed histologically for endothelial cell specific vWF (factor Vm antigen) 

25 immunohistochemistry, Trichrome-Masson stain, or hemoglobin content. Like the cornea, 
the Matrigel or Millipore® filter disk are avascular; however, it is not tissue. In the Matrigel 
or Millipore® filter disk model, ribozymes are administered within the matrix of the Matrigel 
or Millipore® filter disk to test their anti-angiogenic efficacy. Thus, delivery issues in this 
model, as with delivery of ribozymes by Hydron- coated Teflon pellets in the rat cornea 

30 model, are minimized due to the homogeneous presence of the ribozyme within the respective 
matrix. 

These models offer a distinct advantage over several other angiogenic models listed 
previously. The ability to use VEGF as a pro-angiogenic stimulus in both models is highly 
desirable since ribozymes target only VEGFr mRNA. In other words, the involvement of 
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other non-specific types of stimuli in the cornea and Matrigel models is not advantageous 
from the standpoint of understanding the pharmacologic mechanism by which the anti- 
VEGFt mRNA ribozymes produce their effects. In addition, the models allow for testing the 
specificity of the anti-VEGFr mRNA ribozymes by using either aFGF or bFGF as a pro- 

5 angiogenic factor. Vessel recruitment using FGF should not be affected in either model by 
anti-VEGFr mRNA ribozymes. Other models of angiogenesis, including vessel formation in 
the female reproductive system using hormonal manipulation (Shweiki et al, 1993 supra); a 
variety of vascular solid tumor models which involve indirect correlations with angiogenesis 
(O'Reilly et al. 1994 supra; Senger et al. 1993 supra; Takahasi et al, 1994 supra; Kim et 

10 al, 1993 supra); and retinal neovascularization following transient hypoxia (Pierce et al., 
1995 supra), were not selected for efficacy screening due to their non-specific nature, 
although they can be useful models due to a demonstrated correlation between VEGF and 
angiogenesis. 

Other model systems to study tumor angiogenesis is reviewed by Folkman, 1985 Adv. 
15 Cancer. Res.. 43, 175. 

Use of murine models 

For a typical systemic study involving 10 mice (20 g each) per dose group, 5 doses (1, 
3, 10, 30 and 100 mg/kg daily over 14 days continuous administration), approximately 400 
mg of ribozyme, formulated in saline would be used. A similar study in young adult rats (200 
20 g) would require over 4 g. Parallel pharmacokinetic studies involve the use of similar 
quantities of ribozymes further justifying the use of murine models. 

V 

Ribozymes and Lewis lung carcinoma and B-16 melanoma murine models 

Identifying a common animal model for systemic efficacy testing of ribozymes is an 
efficient way of screening ribozymes for systemic efficacy. 

25 The Lewis lung carcinoma and B-16 murine melanoma models are well accepted 

models of primary and metastatic cancer and are used for initial screening of anti-cancer 
agents. These murine models are not dependent upon the use of immunodeficient mice, are 
relatively inexpensive, and minimize housing concerns. Both the Lewis lung and B-16 
melanoma models involve subcutaneous implantation of approximately 10 6 tumor cells from 

30 metastatically aggressive tumor cell lines (Lewis lung lines 3LL or D122, LLc-LN7; B-16- 
BL6 melanoma) in C57BL/6J mice. Alternatively, the Lewis lung model can be produced by 
the surgical implantation of tumor spheres (approximately 0.8 mm in diameter). Metastasis 
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also can be modeled by injecting the tumor cells directly intraveneously. In the Lewis lung 
model, microscopic metastases can be observed approximately 14 days following 
implantation with quantifiable macroscopic metastatic tumors developing within 21-25 days. 
The B-16 melanoma exhibits a similar time course with tumor neovascularization beginning 4 

5 days following implantation. Since both primary and metastatic tumors exist in these models 
after 21-25 days in the same animal, multiple measurements can be taken as indices of 
efficacy. Primary tumor volume and growth latency as well as the number of micro- and 
macroscopic metastatic lung foci or number of animals exhibiting metastases can be 
quantitated. The percent increase in lifespan can also be measured. Thus, these models 

10 provide suitable primary efficacy assays for screening systemically administered 
ribozymes/ribozyme formulations. 

In the Lewis lung and B-16 melanoma models, systemic pharmacotherapy with a wide 
variety of agents usually begins 1-7 days following tumor implantation/inoculation with either 
continuous or multiple administration regimens. Concurrent pharmacokinetic studies can be 
1 5 performed to determine whether sufficient tissue levels of ribozymes can be achieved for 
pharmacodynamic effect to be expected. Furthermore, primary tumors and secondary lung 
metastases can be removed and subjected to a variety of in vitro studies (i.e target RNA 
reduction). 

Flt-1, KDR and/or flk-1 protein levels can be measured clinically or experimentally by 
20 FACS analysis. Flt-1, KDR and/or flk-1 encoded mRNA levels can be assessed by Northern 
analysis, RNase-protection, primer extension analysis and/or quantitative RT-PCIL 
Ribozymes that block flt-1, KDR and/or flk-1 protein encoding mRNAs and therefore result 
in decreased levels of flt-1, KDR and/or flk-1 activity by more than 20% in vitro can be 
identified. 

25 Ribozymes and/or genes encoding them are delivered by either freer delivery, liposome 

delivery, cationic lipid delivery, adeno-associated virus vector delivery, adenovirus vector 
delivery, retrovirus vector delivery or plasmid vector delivery in these animal model 
experiments (see above). 

Subjects can be treated by locally administering nucleic acids targeted against VEGF-R 
30 by direct injection Routes of administration include, but are not limited to, intravascular, 
intramuscular, subcutaneous, intraarticular, aerosol inhalation, oral (tablet, capsule or pill 
form), topical, systemic, ocular, intraperitoneal and/or intrathecal delivery. 
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Surgically induced models of endometriosis have been developed in rats, mice, and 
rabbits. Non-human primates demonstrate spontaneous endometriosis, but surgical induction 
can also be used. In addition to the surgical technique, cycle monitoring can be performed by 
daily vaginal cytology in primates. For all of the surgically induced models of endometriosis, 
5 the following general procedure is used An initial laparotomy is performed to implant tissue 
from a donor animal. A portion of one uterine horn (or one complete horn in the case of mice) 
is removed. The endometrium of this piece of uterus is separated from the myometrium and 
cut into small segments (4-10 mm2). Segments (approximately 3) are sutured to various 
locations within the abdominal cavity (peritoneum, intestinal mesentery vessels, uterus, broad 
1 0 ligament). Cummings and Metcalf (1996) attached whole segments of mouse uterus without 
separating the endometrium from the myometrium. Implants are allowed to grow for 3-6 
weeks. A second laparotomy is sometimes performed to verify development of 
endomeuiosis-like foci (vascularization and cysts filled with clear fluid). This second 
laparotomy was done in the studies by Quereda et al., (1996) and Stoeckemann et al, (1995). 
1 5 After 3-6 weeks post-surgery and/or following visualization of endometriosis, drug treatment 
is initiated and continued for a prescribed period of time. At the termination of these studies, 
animals are euthanized. Endpoints include, but are not limited to, changes in the surface area 
of the implants and tissue mass of the ectopic endometrial implants (see for example 
Brogniez et al, 1995, Human Reprod. 10, 927-931; Chinunings et al., 1996, Tox. Appl. 
20 Pharm. 138, 131-139; Cuinmings and Metcalf, 1996, Proc. Soc. Exp. Biol Med. 212, 332- 
337; D'Hooghe et al, 1996, Fertility and Sterility. 66, 809-813; Quereda et al, 1996, Eur. J. 
Obstet. Gynecol. Rep. Biol 67, 35-40; and Stoeckemann et al, 1995, Human Reprod. 10, 
3264-3271). 

Combination therapies 

25 Gemcytabine and cyclophosphamide are non-limiting examples of chemolherapeutic 
agents that can be combined with or used in conjunction with the nucleic acid molecules (eg. 
ribozymes and antisense molecules) of the instant invention. Those skilled in the art will 
recognize that other anti-angiogenic and/or anti-cancer compounds and therapies can be 
similarly be readily combined with the nucleic acid molecules of the instant invention (e.g. 

30 ribozymes and antisense molecules) and are hence within the scope of the instant invention. 
Such compounds and therapies are well known in the art (see for example Cancer: Principles 
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and Pranctice of Cacology, Volumes 1 and 2, eds Devita, V.T., Hellman, S., and Rosenberg, 
S.A., 3.B. Iippincott Company, Philadelphia, USA; incorporated herein by reference) and 
include, without limitations, folates, antifolates, pyrimidme analogs, fluoropyrimidines, 
purine analogs, adenosine analogs, topoisomerase I inhibitors, anthrapyrazoles, retinoids, 
5 antibiotics, anfhacyclins, platinum analogs, alkylating agents, nitrosoureas, plant derived 
compounds such as vinca alkaloids, epipodophyllotoxins, tyrosine kinase inhibitors, taxols, 
radiation therapy, surgery, nutritional supplements, gene therapy, radiotherapy, for example 
3D-CRT, immunotoxin therapy, for example ricin, and monoclonal antibodies. Specific 
examples of chemotherapeutic compounds man can be combined with or used in conjuction 
10 with the nucleic acid molecules of the invention include but are not limited to Pachtaxel; 
Docetaxel; Melhotrexate; Doxorubin; Edatrexate; Vinorelbine; Tomaxifen; Leucovorin; 5- 
fluoro uridine (5-FU); hinotecan (CAMPTOSAR® or CPT-11 or Camptothecin-U or 
Campto); Cisplatin; Carboplatin; Amsacrine; Cytarabine; Bleomycin; Mitomycin C; 
Dactinomycin; Mithramycin; Hexamethylmelamine; Dacarbazine; I^asperginase; Nitrogen 
1 5 mustard; Melphalan, Chlorambucil; Busulfan; Ifosfamide; 4-hydroperoxycyclophosphamide, 
Thiotepa; Tamoxifen, Herceptin; MC C225; ABX-EGF: and combinations thereof. 



Diagnostic uses 



The nucleic acid molecules of this invention (e.g., enzymatic nucleic acid molecules) 
can be used as diagnostic tools to examine genetic drift and mutations within diseased cells or 

20 to detect the presence of VEGF and/or VEGFr, such as VEGFR1 and/or VEGFR2 RNA in a 
cell. The close relationship between enzymatic nucleic acid molecule activity and the 
structure of the target RNA allows the detection of mutations in any region of the molecule 
which alters the base-pairing and three-dimensional structure of the target RNA By using 
multiple enzymatic nucleic acid molecules described in this invention, one can map 

25 nucleotide changes which are important to RNA structure and function in vitro, as well as in 
cells and tissues. Cleavage of target RNAs with enzymatic nucleic acid molecules can be 
used to inhibit gene expression and define the role (essentially) of specified gene products in 
the progression of disease. In this manner, other genetic targets can be defined as important 
mediators of the disease. These experiments can lead to better treatment of the disease 

30 progression by affording the possibility of combinational therapies (e.g., multiple enzymatic 
nucleic acid molecules targeted to different genes, enzymatic nucleic acid molecules coupled 
with known small molecule inhibitors, or intermittent treatment with combinations of 
enzymatic nucleic acid molecules and/or other chemical or biological molecules). Other in 
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vitro uses of enzymatic nucleic acid molecules of this invention are well known in the art, and 
include detection of the presence of mRNAs associated with VEGF, VEGFR1 and/or 
VEGFR2-related condition. Such RNA is detected by detennhnng the presence of a cleavage 
product after treatment with an enzymatic nucleic acid molecule using standard methodology. 

5 In a specific example, enzymatic nucleic acid molecules which cleave only wild-type or 

mutant forms of the target RNA are used for the assay. The first enzymatic nucleic acid 
molecule is used to identify wild-type RNA present in the sample and the second enzymatic 
nucleic acid molecule is used to identify mutant RNA in the sample. As reaction controls, 
synthetic substrates of both wild-type and mutant RNA are cleaved by both enzymatic nucleic 
1 0 acid molecules to demonstrate the relative enzymatic nucleic acid molecule efficiencies in the 
reactions and the absence of cleavage of the "non-targeted" RNA species. The cleavage 
products from the synthetic substrates also serve to generate size markers for the analysis of 
wild-type and mutant RNAs in the sample population. Thus each analysis requires two 
enzymatic nucleic acid molecules, two substrates and one unknown sample which is 
15 combined into six reactions. The presence of cleavage products is determined using an 
RNAse protection assay so that full-length and cleavage fragments of each RNA can be 
analyzed in one lane of a polyacrylamide gel. It is not absolutely required to quantify the 
results to gain insight into the expression of mutant RNAs and putative risk of the desired 
phenotypic changes in target cells. The expression of mRNA whose protein product is 
20 implicated in the development of the phenotype (i.e. , VEGFR1 and/or VEGFR2) is adequate 
to establish risk. If probes of comparable specific activity are used for both transcripts, then a 
qualitative comparison of RNA levels will be adequate and will decrease the cost of the initial 
diagnosis. Higher mutant form to wild-type ratios are correlated with higher risk whether 
RNA levels are compared qualitatively or quantitatively. The use of enzymatic nucleic acid 
25 molecules in diagnostic applications contemplated by the instant invention is described, for 
example, in Usman et al, US Patent Application No. 09/877,526, George et al, US Patent 
Nos. 5,834,186 and 5,741,679, Shih et al, US Patent No. 5,589,332, Nathan et al., US Patent 
No 5,871,914, Nathan and Ellington, International PCT publication No. WO 00/24931, 
Breaker et al, International PCT Publication Nos. WO 00/26226 and 98/27104, and 
30 Sullenger et al, US Patent Application Serial No. 09/205,520. 



Additional Uses 

Uses of sequence-specific enzymatic nucleic acid molecules of the instant invention can 
have many of the same applications for the study of RNA that DNA restriction endonucleases 
have for the study of DNA (Nathans et al, 1975 Ann. Rev. Biochem. 44:273). For example, 
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the pattern of restriction fragments can be used to establish sequence relationships between 
two related RNAs, and large RNAs can be specifically cleaved to fragments of a size more 
useful for study. The ability to engineer sequence specificity of the enzymatic nucleic acid 
molecule is ideal for cleavage of RNAs of unknown sequence. Applicant has described the 
5 use of nucleic acid molecules to down-regulate gene expression of target genes in bacterial, 
microbial, fungal, viral, and eukaryotic systems including plant, or mammalian cells. 

All patents and publications mentioned in the specification are indicative of the levels of 
skill of those skilled in the art to which the invention pertains. All references cited in this 
disclosure are incorporated by reference to the same extent as if each reference had been 
1 0 incorporated by reference in its entirety individually. 

One skilled in the art would readily appreciate that the present invention is well adapted 
to carry out the objects and obtain the ends and advantages mentioned, as well as those 
inherent therein. The methods and compositions described herein as presently representative 
of preferred embodiments are exemplary and are not intended as limitations on the scope of 
1 5 the invention. Changes therein and other uses will occur to those skilled in the art, which are 
encompassed within the spirit of the invention, are defined by the scope of the claims. 

It will be readily apparent to one skilled in the art that varying substitutions and 
modifications may be made to the invention disclosed herein without departing from the 
scope and spirit of the invention. Thus, such additional embodiments are within the scope of 
20 the present invention and the following claims. 

The invention illustratively described herein suitably may be practiced in the absence of 
any element or elements, limitation or limitations which is not specifically disclosed herein. 
Thus, for example, in each instance , herein any of the terms "comprising", "consisting 
essentially of and "consisting of may be replaced with either of the other two terms. The 

25 terms and expressions which have been employed are used as terms of description and not of 
limitation, and there is no intention that in the use of such terms and expressions of excluding 
any equivalents of the features shown and described or portions thereof but it is recognized 
that various modifications are possible within the scope of the invention claimed. Thus, it 
should be understood that although the present invention has been specifically disclosed by 

30 preferred embodiments, optional features, modification and variation of the concepts herein 
disclosed may be resorted to by those skilled in the art, and that such modifications and 
variations are considered to be within the scope of this invention as defined by the description 
and the appended claims. 
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In addition, where features or aspects of the invention are described in terms of 
Markush groups or other grouping of alternatives, those skilled in the art will recognize that 
the invention is also thereby described in terms of any individual member or subgroup of 
members of the Maikush group or other group. 



Other embodiments are within the following claims. 
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TABLE I 



Characteristi c of Ribozvmes 

Group I Introns 

Size- ~200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 

site. „ 

Binds 4-6 nucleotides at 5' side of cleavage site. 

Over 75 known members of this class. Found in Tetrahymena 

thermophila rRNA, fungal mitochondria, chloroplasts, phage T4, 

blue-green algae, and others. 

RNAseP RNA (M1 RNA) 

Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA 

precursors to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 

Size: -1 3 to 40 nucleotides. 

Requires the target sequence UH immediately 5* of the cleavage 
sit©. 

Binds a variable number of nucleotides on both sides of the 

cleavage site. ^ , , . . 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figure 1 
and 2) 

Hairpin Ribozyme 

Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage 
site 

Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 
Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the infectious 
agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Sequence requirements not fully determined . 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 

4). 

Neurospora VS RNA Ribozyme 
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Size: -144 nucleotides (at present) 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 

1 known member of this class. Found in Neurospora VS RNA 

(Figure 5). 
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Table DDE: Patient Demographics 




One patient taken off study due to progressive disease* Allowed to resume ANGIOZYME on a 
compassionate basis. 

As of September 1, 2001, all patients were off study. (Although one patient resumed treatment 
per above note) 
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BNAzyHrne 



17 



28 



Smbstrale 



UCCUCUCG G CUCCUCCC 



CCUCCCCG G CAGCGGCG 



SeqW> 
No 



BNAzyiae 



SeqUB 



iGGGAGQAG GGCTAGCTACAACGA CQAGAGGA| 1703 



ICGCCGCTG GGCTAGCTACAACGA CGGGGAGG| 1704 



31 



34 



CCCCGGCA G CGGCGGCG 



ICGCCGCCG GGCTAGCTACAACGA TGCCGGGG) 17Q5 



CGGCAGOG G CGGCGGCU 



lAGCCGCCG GGCTAGCTACAACGA CGCTGCCGI 1706 



37 



CAGCGGCG G CGGCUCGG 



1CCGAGCCG GGCTAGCTACAACGA CGCCGCTG| 1707 



40 



47 



CGGCGGCG G CUCGGAGC 



GGCUCGGA G CGGGCUCC 



IGCTCCGAG GGCTAGCTACAACGA CGCOQCOG 1708 
IGGAGCCCG GGCTAGCTACAACGA TCCGAGCc| 1709 



51 



CGGAGCGG G CUCCGGGG 



B lCCCCGGAG GGCTAGCTACAACGA CCGCTCCQ| 1710 



59 



GOJCOGGG G CUOGGGUG 



ICACCCGAG GGCTAGCTACAACGA CCCGGAGC| 1711 



65 



67 



GGGCUCGG G UGCAGCGG 



"lO ICCGCTGCA GGCTAGCTACAACGA CCGAGCCq 1712 



GCaCGGGU G CAGCGGCC 



Tl 1GGCCGCTG GGCTAGCTACAACGA ACCCGAGC| 1713 



70 



73 



77 



81 



CQGGUGCA G CGGCCAGC 



12 IGCTGGCCG GGCTAGCTACAACGA TGCACCCGI 1714 



GUGCAGCG G CCAGCGGG 



13 IcCCGCTGG GGCTAGCTACAACGA CGCTGCACl 1715 



AGCGGCCA G CGGGCCUG 



"l4 ICAGGCCCG GGCTAGCTACAACGA TGGCCGCT| 1716 



GCCAGCGG G CCUGGCGG 



~15 ICCGCCAGG GGCTAGCTACAACGA CCGCTGGC I 1717 



86 



CGGGCCUG G CGGCGAGG 



"l6 ICCTCGCCG GGCTAGCTACAACGA CAGGCCCG| 1718 



89 



GCCUGGCG G CGAGGAUU 



17 IaATCCTCG GGCTAGCTACAACGA CGCCAGGC| 1719 



95 



CGGCGAGG A UUACCCGG 



li ICCGGGTAA GGCTAGCTACAACGA CCTCGCCG| 1720 



98 



CGAGGAUU A CCCGGGGA 19 iTCCCCGGG GGCTAGCTACAACGA AATCCTCG 1721 



108 



CCGGGGAA G UGGUUGUC 20 |GACAACCA GGCTAGCTACAACGA TTCCCCGG| 1722 



111 



128 



131 



188 



191 



196 



199 



203 
212 



214 



218 



220 



225 
229 



GGGAAGUG G UUGUCUCC 21 IGGAGACAA GGCTAGCTACAACGA CACTTCCC| 1723 



114 I AAGU GGUU G UCUCCUGG | 22 ICCAGGAGA GGCTAGCTACAACGA AACCACTT 1724 
122 GUCUCCUG G CUGGAGCC 23 |GGCTCCAG GGCTAGCTACAACGA CAGGAGAC 1725 



UGGCUGGA G CCGCGAGA 24 ITCTCGCGG GGCTAGCTACAACGA TCCAGCCA 1726 



CTGGAGCC G CGAGACQG 1 25 " ICCGTCTCG GGCTAGCTACAACGA GGCTCCAG 1727 



136 1 GCCGCGAG A OGGGCGCU | 26 lAGCGCCCG GGCTAGCTACAACGA CTCQCGGC 1728 
140 CGAGACGG G CGCUCAGG 27 |cCTGAGCG GGCTAGCTACAACGA CCGTCTCOl 1729 



142 I AGACGGGC G CUCAGGGC I 28 ~ IgCCCTGAG GGCTAGCTACAACGA GCCCGTCT 1730 



149 CGCUCAGG G CGCGGGGC | 29 |GCCCCGCG GGCTAGCTACAACGA CCTGAGCG 1731 

15 1 1 CUCAGGGC G CGGGGCOG | 30 |CGGCCCCG GGCTAGCTACAACGA GCCCTGAGj 1732 

156 1 GGCGCGGG G CCGGCGGC ) 31 GCCGCCGG GGCTAGCTACAACGA CCCGCGCC 171? 

160 CGGGGCCG G CGGCGGCG 32 jCGCCGCCG GGCTAGCTACAACGA CGGCCCCGl 1734 



163 GGCCGGCG G CGGCGAAC T 33 IGTTCGCCG GGCTAGCTACAACGA CGCCGGCC| 1735 



166 CGGCGGCG G CGAACGAG I 34 [CTCGTTCG GGCTAGCTACAACGA CGCCGCCG| 1736 



170 GGCGGCGA A CGAGAGGA I 35 ITCCTCTCG GGCTAGCTACAACGA TCGCCGCC| 1737 



178 | ACQAGAGG A CGGACUCU | 36 [AGAGTCCG GGCTAGCTACAACGA CCTCTCGT 1738 
182 GAGGACGG A CUCUGGCG 1 37 1 CGCCAGAG GGCTAGCTACAACGA CCGTCCTCl 1739 



GGACUCUG G CGGCCGGG 



3B ICCCGGCCG GGCTAGCTACAACGA CAGAQTCC] 1740 



CUCUGGCG G CCGGGUCG 



GCGGCCGG G UCGUUGGC 



39 
40 



GCCGGGUC G UUGGCCGG 



41 



GGUCGUUG G CCGGGGGA 



42 



CCGGGGGA G CGCGGGCA 



43 



GGGGGAGC G CGGGCACC 



44 



GAGCGCGG G CACCGGGC 



45 



GCGCGGGC A CCGGGGGA 



46 



GGCACCGG G CGAGCAGG 



47 



CCGGGCGA G CAGGCCGC 



4B 



CGACCCGG GGCTAGCTACAACGA CGCCAGAG 1741 



GCCAACGA GGCTAGCTACAACGA CCGGCCGC 1742 



CCGGCCAA GGCTAGCTACAACGA GACCCGGC 1743 



TCCCCCGG GGCTAGCTACAACGA CAACGACC 1744 



TGCCCGCG GGCTAGCTACAACGA TCCCCCGG 1745 



GGTGCCCG GGCTAGCTACAACGA GCTCCCCCl 1746 



GCCCGGTG GGCTAGCTACAACGA CCGCGCTC 1747 



TCGCCCGG GGCTAGCTACAACGA GCCCGCGC 1748 



CCTGCTCG GGCTAGCTACAACGA CCGGTGCC 1749 



GCGGCCTG GGCTAGCTACAACGA TCGCCCGG 1750 
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233 | GCGAGCAG G CCGCGUCG | 49 
236 AGCAGGCC G CGUCGCGC \ 50 
238 CAGGCCGC G UCGCGCUC S 51 



241 
243 



247 
250 



253 



[CGACGCGG GGCTAGCTACAACGA CTGCTCGC 1751 
IgO GCGACG GGCTAGCTACAACGA QQCCTGCT 1752 
IGAGCGCQA GGCTAGCTACAACGA GCGGCCTG| 1753 



GCCGC GUC G CGCUCACC | 52 
CGCGUCGC G CUCACCAU I 53 



IGGTGAGCG GGCTAGCTACAACGA GACGCGGCj 1754 
IaTGGTOAG GGCTAGCTACAACGA GCGACQCG| 1755 



UCGCGCUC A CCAUGGUC 1 54 
CGCUCACC A UGGUCAGC I 55 



I GACCATGQ GGCTAGCTACAACGA QAGCGCGAI 1756 
IGCTGACCA GGCTAGCTACAACGA GGTGAGCGj 1757 



UCACCAUG 



G UCAGCUAC 56 IgTAGCTGA GGCTAGCTACAACGA CATGQTGA 175B 



257 | CAUGGUCA 

260 GGUCAGCU 

266 I CUAOK3GG 

268 1 ACUGGGAC 

274 I ACACCGGG 



G CUACUGGG | 57 

A CUGGGACA 58 

A CACCQGGG 59 

A CCQQGGUC j 60 

G UCCUGCUG 1 61 



[ CCCAQTAG GGCTAGCTACAACGA TGACCATGI 1759 
[TGTCCCAG GGCTAGCTACAACGA AGCTQACC 1760 
ICC CCGGTG GGCTAGCTACAACGA CCCAGTAG 1761 
[gACCCCGG GGCTAGCTACAACGA GTCCCAGT 1762~ 
[CAGCAGQA GGCTAGCTACAACGA CCCGGTGt| 1763 



279 



288 



GGGGUCCU G CUGUGCGC 1 62 |gCGCACAG GGCTAGCTACAACGA AGGACCCC 1764 



282 | GUCCUGCU G UGCGCGCU 1 63 
284 j CCUGCUGU G CGCGCUGC [ 64 
286 I UGCUGUGC G CGCUGCUC f 65 



lAGCGCG CA GGCTAGCTACAACGA AGCAGGAC 1765 
IG CAGCGCG GGCTAGCTACAACGA ACAGCAGG 1766 
[GAGCAGCG GGCTAGCTACAACGA GCACAGCa| 1767 



CUGUGCGC G CUGCUCAG 66 [cTGAGCAG GGCTAGCTACAACGA GCGCACAG 1768 



291 



315 



UGCGCGCU G CUCAGCUG 67 IcAGCTGAG GGCTAGCTACAACGA AGCQCGCA 1769 



296 | GOJGCUCA 
299 1 GCUCAGCU 



G CUGUCUGC | 68 
G UCUGCUUC I 6? 



[GCAGACAG GGCTAGCTACAACGA TGAGCAGC 1770 
iGAAGCAGA GGCTAGCTACAACGA AGCTGAGC) 1771 



303 1 AGCUGUCU 
3 1 0 I UGCUUCUC 



G CUUCUCAC | 70 
A CAGGAUCU I TL 



IQTGAGAAG GGCTAGCTACAACGA AGACAGCT 1772 
IaGATCCTG GGCTAGCTACAACGA GAGAAGCA| 1773 



CUCACAGG A UCUAGUUC 1 72 jGAACTAGA GGCTAGCTACAACGA CCTGTGAG 1774 



320 I AGGAUCUA G UUCAGGUU 1 73 
326 I UAGUUCAG G UUCAAAAU I 74 



333 



373 



405 



[AACCTGAA GGCTAGCTACAACGA TAQATCCT 1775 
lATTTTGAA GGCTAGCTACAACGA CTQAACTA| 1776 



GGUUCAAA A UUAAAAGA 1 75 |TCTTTTAA GGCTAGCTACAACGA TTTGAACC 1777 



341 | AUUAAAAG A UCCUGAAC ! 76 
348 I GAU CCUGA A CUGAGUUU I 77 
353 I UGAACUGA G UUUAAAAG I 78 



IGTT CAGGA GGCTAGCTACAACGA CTTTTAAT 1778 
|AAA CTCAG GGCTAGCTACAACGA TCAGGATCj 1779 
IcTTTTAAA GGCTAGCTACAACGA TCAGTTCA 1780 



362 j UUUAAAAG G CACCCAGC 
364 I UAAAAGGC A CCCAGCAC 



369 | GGCACCCA 
371 I CACCCAGC 



G CACAUCAU 
A CAUCAUGC 



CCCAGCAC 

AGCACAUC 

CACAUCAU 

UCAUGCAA 

GCAAGCAG 

CAGGCCAG 

GGCCAGAC 

CAGACACU 

GACACUGC 



A UCAUGCAA 
A UGCAAGCA 
G CAAGCAGG 
G CAGGCCAG 
G CCAGACAC 
A CACUGCAU 
A CUGCAUCU 
G CAUCUCCA 
A UCUCCAAU 



CAUCUCCA A UGCAGGGG 



407 UCUCCAAU G CAGGGGGG 



79 [G CTiSGGTG GGCTAGCTACAACGA CTTTTAAAj 1781 

80 iGTGCTGGG GGCTAGCTACAACGA GCCTTTTA| 1782 



81 [ATGATGTG GGCTAGCTACAACGA TGGGTGCC 1 1783 

82 1 GCATGATG GGCTAGCTACAACGA GCTGGGTG| 17B4~ 



83 
84 
85 
86 
"87 
88 
89 
90 
91 



TTGCATGA 
TGCTTGCA 
CCTGCTTG 
CTGGCCTG 
5TGTCTGG 
ATGCAGTG 
AQATGCAG 
TGGAGATG 
ATTGGAGA 



92 



93 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



GTGCTGGG| 
GATGTGCT] 
ATGATGTG 
TTGCATGA 
CTGCTTGC] 

ctggcctg] 

GTCTGGCC| 

agtgtctg] 
gcagtgtci 



CCCCTGCA GGCTAGCTACAACGA TGGAGATG | 1794 



CCCCCCTG GGCTAGCTACAACGA ATTGGAGA 1795 



418 



421 



425 



429 



GGGGGGAA G CAGCCCAU 



94 



ATGGGCTG GGCTAGCTACAACGA TTCCCCCCl 1796 



GGGAAGCA G CCCAUAAA 



95 



TTTATGGG GGCTAGCTACAACGA TGCTTCCCl 1797 



AGCAGCCC A UAAAUGGU 



96 



ACCATTTA GGCTAGCTACAACGA GGGCTGCT 179B 



GCCCAUAA A UGGUCUUU 



97 



AAAGACCA GGCTAGCTACAACGA TTATGGGCll 799 



432 I CAUAAAUG G 



UCUUUGCC 



98 



GGCAAAGA GGCTAGCTACAACGA CATTTATG I 18 00 



438 UGGUCUUU G CCUGAAAU 



99 



ATTTCAGG GGCTAGCTACAACGA AAAGACCA 1801 



445 



UGCCUGAA A UGGUGAGU 



100 



ACTCACCA GGCTAGCTACAACGA TTCAGGCAl 1802 
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96 



448 



452 



CUGAAAUG G UGAGUAAG 



AAUGGUGA G UAAGGAAA 



101 ICTTACTCA GGCTAGCTACAACGA CATTTCAG 



102 ITTTCCTTA GGCTAGCTACAACGA TCACCATT 



1603 



1804 



461 



UAAGGAAA G CGAAAGGC 



103 IGCCTTTCG GGCTAGCTACAACGA TTTCCTTA 



1B05 



468 



AGCGAAAG G CUGAGCAU 



104 IaTGCTCAG GGCTAGCTACAACGA CTTTCGCT 1806 



473 



AAGGCDGA G CAUAACUA 



105 TAGTTATG GGCTAGCTACAACGA TCAGCCTT 



1807 



475 



GGCUGAGC A UAACUAAA 



106 ITTTAGTTA GGCTAGCTACAACGA GCTCAGCC 



1808 



478 



483 



487 



UGAGCAUA A CUAAAUCU 



107 lAGATTTAG GGCTAGCTACAACGA TATGCTCA 1809 



AUAACUAA A UCUGCCUG 



108 CAGGCAGA GGCTAGCTACAACGA TTAGTTATI 1810 



CUAAAUCU G CCUGUGGA 



109 



ITCCACAGG GGCTAGCTACAACGA AGATTTAGl 1811 



491 



AUCUGCCU G UGGAAGAA 



110 ITTCTTCCA GGCTAGCTACAACGA AGGCAGATJ 1812 



500 



UGGAAGAA A UGGCAAAC 



111 IGTTTGCCA GGCTAGCTACAACGA TTCTTCCAj 1813 



503 



507 



AAGAAAUG G CAAACAAU 



112 lATTGTTTG GGCTAGCTACAACGA CATTTCTT] 1814 



AAUGGCAA A CAAUUCUG 



113 iCAGAATTG GGCTAGCTACAACGA TTGCCATT 1815 



510 



GGCAAACA A UUCUGCAG 



114 ICTGCAGAA GGCTAGCTACAACGA TGTTTGCC 1816 



515 



ACAAUUCU G CAGUACUU 



115 lAAGTACTG GGCTAGCTACAACGA AGAATTGT 1817 



518 AUUCUGCA G UACUUUAA 



116 ItTAAAGTA GGCTAGCTACAACGA TGCAGAAT 1818 



520 1 UCUGCAGU A CUUUAACC | 117 iGQTTAAAQ GGCTAGCTACAACGA ACTGCAGAj 1819 
526 I GUACUUUA A CCUUGAAC 118 IgTTCAAGG GGCTAGCTACAACGA TAAAGTACl 1820 



575 



580 



533 AACCUUGA A CACAGCUC I 119 [GAGCTGTG GGCTAGCTACAACGA TCAAGGTT| 1821 



535 CCUUGAAC A CAGCUCAA | 120 |TTGAGCTG GGCTAGCTACAACGA GTTCAAGG| 1822 



538 I UGAACACA G CUCAAGCA 1 121 |TGCTTGAG GGCTAGCTACAACGA TGTGTTCA| 1823 



544 CAGCUCAA G CAAACCAC 1 122 [OTGGTTTG GGCTAGCTACAACGA TTGAQCTGj 1824 



548 UCAAGCAA A CCACACUG I 123 [CAGTGTGG GGCTAGCTACAACGA TTGCTTGA| 1825 



551 1 AGCAAA CC A CACUGGCU | 124 ]AGCCAGTG GGCTAGCTACAACGA GGTTTGCT 1826 

553 1 C AAACCAC A CUGGCUUC [ 125 [gAAGCCAG GGCTAGCTACAACGA GTGGTTTgI 1827 

557 CCACACUG G CUUCUACA | 126 |tGTAGAAG GGCTAGCTACAACGA CAGTGTGGj 1828 

563 1 UGGC UUOJ A CAGCUGCA [ 127 TGCAGCTG GGCTAGCTACAACGA AGAAGCCAl 1829 

566 I CUUCUA CA G CUGCAAAU [ 128 jATTTGCAG GGCTAGCTACAACGA TGTAGAAQ 1830 

569 CUA CAGCU G CAAAUAUC | 129 |GATATTTG GGCTAGCTACAACGA AGCTGTAGl liil 

573 AGCUGCAA A UAUCUAGC 130 |GCTAGATA GGCTAGCTACAACGA TTGCAGCT| 1832 



CUGCAAAU A UCUAGCUG j 131 | CAGCTAGA GGCTAGCTACAACGA ATTTGCAG| 1833 



AAUAUCUA G CUGUACCU ] 132 IaGGTACAG GGCTAGCTACAACGA TAGATATT| 1834 



583 



AUCUAGCU G UACCUACU I 133 AGTAGGTA GGCTAGCTACAACGA AGCTAGATj 1835 



585 



589 



CUAGCUGU A CCUACUUC I 134 TgAAGTAGG GGCTAGCTACAACGA ACAGCTAG| 1836 



CUGUACCU A CUUCAAAG 135 CTTTGAAG GGCTAGCTACAACGA AGGTACAG| 1837 



607 



612 



AGAAGGAA A CAGAAUCU 136 AGATTCTG GGCTAGCTACAACGA TTCCTTCT) 1838 



GAAACAGA A UCUGCAAU 1 137 [aTTGCAGA GGCTAGCTACAACGA TCTGTTTCj 1839 



616 



619 



623 



CAGAAUCU G CAAUCUAU I 138 [aTAGATTG GGCTAGCTACAACGA AGATTCTG) 1840 



AAUCUGCA A UCUAUAUA 139 I TAT AT AG A GGCTAGCTACAACGA TGCAGATT) 1841 



UGCAAUCU A UAUAUUUA 140 JTAAATATA GGCTAGCTACAACGA AGATTGCA| 1842 



625 



CAAUCUAU A UAUUUAUU I 141 IaATAAATA GGCTAGCTACAACGA ATAGATTG | 1843 



627 



AUCUAUAU A UUUAUUAG 



142 



CTAATAAA GGCTAGCTACAACGA AT AT AG AT I 1844 



631 



AUAUAUUU A UUAGUGAU 143 



ATCACTAA GGCTAGCTACAACGA AAATATAT 



1845 



635 



AUUUAUUA G UGAUACAG 



144 



CTGTATCA GGCTAGCTACAACGA TAATAAAT 



1846 



638 



640 



644 



648 



UAUUAGUG A UACAGGUA 



145 



TACCTGTA GGCTAGCTACAACGA CACTAATA 



1847 



UUAGUGAU A CAGGUAGA 



146 



TCTACCTG GGCTAGCTACAACGA ATCACTAA 



1848 



UGAUACAG G UAGACCUU 



147 



AAGGTCTA GGCTAGCTACAACGA CTGTATCA 



1849 



ACAGGUAG A CCUUUCGU 



148 



ACGAAAGG GGCTAGCTACAACGA CTACCTGT 



1850 



655 



661 



663 



665 



GACCUUUC G UAGAGAUG 



149 



CATCTCTA GGCTAGCTACAACGA GAAAGGTC 



1851 



UCGUAGAG A UGUACAGU 



150 



ACTGTACA GGCTAGCTACAACGA CTCTACGA 



1852 



GUAGAGAU G UACAGUGA 



151 



TCACTGTA GGCTAGCTACAACGA ATCTCTAC 



1853 



AGAGAUGU A CAGUGAAA 



152 



TTTCACTG GGCTAGCTACAACGA ACATCTCT 



1854 
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668 



GAUGUACA G UGAAAUCC 



673 | ACAGUGAA A UCCCCGAA 
682 UCCCCGAA A UUAUACAC 



685 | CCGAAAUU A UACACAUG 
687 | GAAAUUAU A CACAUGAC 
689 I AAUUAUAC A CAUGACUG 



691 



727 



730 
732 
735 
740 



742 
745 
748 



751 



UUAUACAC A UGACUGAA 



694 I UACACAUG A CUGAAGGA 
708 ] GGAAGGGA G CUCQUCAU 
712 I GGGAGCUC G UCAUUCCO 



153 [gG ATTTCA GGCTAGCTACAACGA TGTACATC 18S5 
"Y54 i TTCGGGGA GGCTAQCTACAACQA TTCACTGT 185? 
"J^i IGTGTATAA GGCTAGCTACAACGA TTCGGGGa| 1857 



15 g [CATGTGTA GGCTAGCTACAACGA AATTTCGG 1858 
"J57 Ig TCATOTQ GGCTAQCTACAACQA ATAATTTC 1859 
lii IcAGTCATG GGCTAGCTACAACGA GTATAATt| I860 



■J59 |TTCAGTCA GGCTAGCTACAACGA GTGTATAA| 1861 



[T CCTTCAG GGCTAGCTACAACGA CATGTGTA 1862 
Ia TGACGAG GGCTAGCTACAACGA TCCCTTCCj 1863 
IGGGAATGA GGCTAGCTACAACGA GAOCTCCC| 1864 



715 I AGCUCGUC A UUCCCUGC 163 
722 CAUUCCCU G CCGGGUUA 1 164 



[gCA GGGAA GGCTAGCTACAACGA GACGAGCT 1865 
ItAACCCGG GGCTAGCTACAACGA AGGGAATG| 1866 



CCUGCCGG G UUACGUCA 165 |TGACGTAA GGCTAGCTACAACGA CCGGCAGGl 1867 



GCCG GGUU A CGUCACCU | 166 

CGGGUUAC G UCACCUAA I 167 

GUUACGUC A CCUAACAU ] 16 B 

GUCACCUA A CAUCACUG I 169 



[ AGGTGACG GGCTAGCTACAACGA AACCCGGCl 1868 
1 TTAGGTGA GGCTAGCTACAACGA GTAACCCGl 1869 
[ATGTTAGG GGCTAGCTACAACGA QACGTAACl 1870 
1 CAGTGATG GGCTAGCTACAACGA TAGGTGACj 1871 



CACCUAAC A UCACUGUU 170 
CUA ACAUC A CUGUUACU [ 171 
ACAUCACU G UUACUUUA 1 172 



lAACAGTGA GGCTAGCTACAACGA GTTAGGTG 1872 
1AGT AACAG GGCTAGCTACAACGA GATGTTAG 1873 
1TAAAGTAA GGCTAGCTACAACGA AGTGATGTj 1874 



UCACUGUU A CUUUAAAA 173 [TTTTAAAG GGCTAGCTACAACGA AACAGTGA 1875 



762 



UUAAAAAA G UUUCCACU 174 [aGTGGAAA GGCTAGCTACAACGA TTTTTTAA 1876 



768 
773 
775 



781 



788 



795 



AAQUUUCC A CUUGACAC I 175 
UC CACUUG A CACUUUGA | 176 
CACUUGAC A CUUUGAUC I 177 



j GTGTCAAG GGCTAGCTACAACGA GGAAACTTj 1877 
[t CAAAGTG GGCTAGCTACAACGA CAAGTGGA 1878 
IGATCAAAG GGCTAGCTACAACGA GTCAAGTg| 1879 



ACACUUUG A UCCCUGAU 178 |ATCAGGGA GGCTAGCTACAACGA CAAAGTGT 18BQ 



GAUCCCUG A UGGAAAAC 



GAUGGAAA A CGCAUAAU 



179 iQT TTTCCA GGCTAGCTACAACGA CAGGQATC 1881 

180 lATTATGCG GGCTAGCTACAACGA TTTCCATC| 1B82 



797 



799 



UGGAAAAC G CAUAAUCU 



Til lAGATTATG GGCTAGCTACAACGA GTTTTCCA] 1883 



GAAAACGC A UAAUCUGG 



182 1 CCAGATTA GGCTAGCTACAACGA GCGTTTTC| 1884 



802 



809 



AACGCAUA A UCUGGGAC 



183 IGTCCCAGA GGCTAGCTACAACGA TATGCGTT| 1885 



AAUCUGGG A CAGUAGAA 



184 ITTCTACTG GGCTAGCTACAACGA CCCAGATT| 1886 



812 



826 



829 



845 



CUGGGACA G UAGAAAGG 



821 I UAGAAAGG G CUUCAUCA 



185 )CCTTTCTA GGCTAGCTACAACGA TGTCCCAG 1887 

186 ItGATGAAG GGCTAGCTACAACGA CCTTTCTA| 1888 



AGGGCUUC A UCAUAUCA 



187 ItGATATGA GGCTAGCTACAACGA GAAGCCCT) 1889 



GCUUCAUC A UAUCAAAU 



188 lATTTGATA GGCTAGCTACAACGA GATGAAGC) 1890 



831 I UUCAUCAU A UCAAAUGC 
836 I CAUAUCAA A UGCAACGU 



189 ) GCATTTGA 

190 IACGTTGCA 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



ATGATGAA) 
TTGATATG 



1891 
1892 



838 UAUCAAAU G CAACGUAC 



191 [GTACGTTG GGCTAGCTACAACGA ATTTGATA| 1893 



841 I CAAAUGCA A CGUACAAA 



192 ITTTGTACG GGCTAGCTACAACGA TGCATTTG) 1894 



843 I AAUGCAAC G UACAAAGA 



193 



TCTTTGTA 



UGCAACGU A CAAAGAAA 



194 



GGCTAGCTACAACGA GTTGCATT 
I TTTCTTTG GGCTAGCTACAACGA ACGTTGCAj 



1895 



1896 



853 I ACAAAGAA 
858 ~ 1 GAAAUAGG 



A UAGGGCUU 
G CUUCUGAC 



195 [ AAGCCCTA 
"l96 iGTCAfiAAS 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



TTCTTTGT| 
CCTATTTC I 



1897 
1898 



865 | GGCUUCUG 
869 I UCUGACCU 
874 I CCUGUGAA 



A CCUGUGAA 
G UGAAQCAA 
G CAACAGUC 



197 jTTCACAGG 

198 [TTGCTTCA 

199 [GACTGTTG 



GGCTAGCTACAACGA CAGAAGCC 1899 
G GCTAGCTACAACGA AGGTCAGAI 1900 
GGCTAGCTACAACGA 



TTCACAGG 



1901 
1902 



877 



880 



884 



GUGAAGCA A CAGUCAAU 



200 lATTGACTG GGCTAGCTACAACGA TGCTTCAC] 



AAGCAACA G UCAAUGGG 



201 ICCCATTGA GGCTAGCTACAACGA TGTTGCTT I 1903 



AACAGUCA A UGGGCAUU 



202 lAATGCCCA GGCTAGCTACAACGA TGACTGTT \ 1904 



888 



GUCAAUGG G CAUUUGUA 



203 ITACAAATG GGCTAGCTACAACGA CCATTGAC| 1905 



890 I CAAUGGGC A UUUGUAUA 



204 ITATACAAA GGCTAGCTACAACGA GCCCATTGl 1906 
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894 ! GGGCAUUU G UAUAAGAC I 205 [gTCTTATA GGCTAGCTACAACGA, AAATGCCC 



896 I GCAUUUGU A UAAGACAA 1 206 |TTQTCTTA GGCTAGCTACAACGA ACAAATGC 



901 UGUAUAAG A CAAACUAU I 207 ( ATAGTTTG GGCTAGCTACAACGA CTTATACA 



905 | UAAGACAA A CUAUCUCA I 208 ITGAGATAG GGCTAGCTACAACGA TTGTCTTA 



908 I GACAAACU A UCUCACAC 1 209 |GTGTGAGA GGCTAGCTACAACGA AGTTTGTC 



1907 



1908 



1909 



1910 



1911 



913 ACUAUCUC A CACAUCGA I 210 jTCGATGTG GGCTAGCTACAACGA GAQATAGT 



1912 



915 I UAUCUCAC A CAUCGACA I 211 jTGTCGATG GGCTAGCTACAACGA GTGAGATA 



1913 



917 UCUCACAC A UCGACAAA I 212 1TTTGTCGA GGCTAGCTACAACGA GTGTGAGA 



1914 



921 ACACAUCG A CAAACCAA l 213 ItTGGTTTG GGCTAGCTACAACGA CGATGTGT 



1915 



925 AUCGACAA A CCAAUACA I 214 [TGTATTGG GGCTAGCTACAACGA TTGTOGAT 



1916 



929 ACAAACCA A UACAAUCA | 215 |TGATTGTA GGCTAGCTACAACGA TGffTTTGT 



1917 



931 AAACCAAU A CAAUCAUA I 216 |TATGATTG GGCTAGCTACAACGA ATTGGTTT 1918 



934 I CCAAUACA A UCAUAGAU | 217 |ATCTATGA GGCTAGCTACAACGA TGTATTGG| 1919 



9.17 1 AUACAAUC A UAGAUGUC 1 218 jGACATCTA GGCTAGCTACAACGA GATTGTAT| 1920 



941 I AAUCAUAG A UGUCCAAA 1 219 iTTTQGACA GGCTAGCTACAACGA CTATGATT | 1921 



943 1 UCAUAGAU G UCCAAAUA | 220 iTATTTGQA GGCTAGCTACAACGA ATCTATGAj 1922 
949 AUGUCCAA A UAAGCACA 221 |TGTGCTTA GGCTAGCTACAACGA TTGGACAT 1923 



994 



953 CCAAAUAA G C ACACCAC | 222 |GTGGTGTG GGCTAGCTACAACGA TTATTTGG 1924 

955 1 AAAUAAGC A CACCACGC | 223 GCGTGGTG GGCTAGCTACAACGA GCTTATTT 1925 

957 1 AUAAG CAC A CCAOGCCC \ 224 [gGGCGTGG GGCTAGCTACAACGA GTGCTTATl 1926 

960 1 AGCACACC A CGCCCAGU 225 ACTGGGCG GGCTAGCTACAACGA GGTGTGCT 1927 

962 CACACCAC G CCCAGUCA 226 |tGACTGGG GGCTAGCTACAACGA GTGGTGTGl 1928 



967 1 CACGCCCA G UCAAAUUA f 227 [TAATTTGA GGCTAGCTACAACGA TGGGCGTG 1929 
972 1 CCAGUCAA A UUACUUAG | 228 CTAAGTAA GGCTAGCTACAACGA TTGACTGGl 1930 
975 GUCAAAUU A CUUAGAGG 229 [cCTCTAAG GGCTAGCTACAACGA AATTTGAC| 1S31 



983 | ACUUAGAG G CCAUACUC [ 230 |GAGTATGG GGCTAGCTACAACGA CTCTAAGT 1932 
986 1 UAGAGGCC A UACUCUUG | 231 CAAGAGTA GGCTAGCTACAACGA GGCCTCTA 1933 
988 I GAGGCCAU A CUCUUGUC | 232 [gACAAGAG GGCT AGCTACAACGA ATGGCCTC| 1934 



AUACUCUU G UCCUCAAU 1 233 lATTGAGGA GGCTAGCTACAACGA AAGAGTATj 1935 



10 01 1 UGUCCUCA A UUGUACUG [ 234 [CAQTACAA GGCTAGCTACAACGA TGAGGACA 1936 
1Q04 1 CCUCAAUU G UACUGCUA 1 235 |tAGCAGTA GGCTAGCTACAACGA AATTGAGG| 19"j7 



1006 UCAAUUGU A CUGCUACC 



236 



1009 AUUGUACU G CUACCACU 237 



[GGTAGCAG GGCTAGCTACAACGA ACAATTGAl 1938 
AGTGGTAG GGCTAGCTACAACGA AGTACAAT 1939 



1012 GUACUGCU A CCACUCCC 1 238 |GGGAGTGG GGCTAGCTACAACGA AGCAGTAC] 1940 



1015 I CPGCUACC A CUCCCUUG | 239 | CAAGGGAG GGCTAGCTACAACGA GGTAGCAG 1941 



1025 1 UCCCUUGA A CACGAGAG 1 240 |CTCTCGTG GGCTAGCTACAACGA TCAAGGGA 1942 



1027 I CCUUGAAC A CGAGAGUU | 241 IaaCTCTCG GGCTAGCTACAACGA GTTCAAGG 1943 



1033 ACACGAGA G UUCAAAUG I 242 [CATTTGAA GGCTAGCTACAACGA TCTCGTGT 1944 



3*039 I GAGUUCAA A UGACCUGG 1 243 [CCAGGTCA GGCTAGCTACAACGA TTGAACTC 1945 



1042 I UUCAAAUG A CCUGGAGU 1 244 |ACTCCAGG GGCTAGCTACAACGA CATTTGAA 1946 



1049 GACCUGGA G UUACCCUG 1 245 jCAGGGTAA GGCTAGCTACAACGA TCCAGGTC 1947 



10 52 I CUGGAGUU A CCCUGAUG | 246 |CATCAGGG GGCTAGCTACAACGA AACTCCAG 1948 



1058 UUACCCUG A UGAAAAAA I 247 |TTTTTTCA GGCTAGCTACAACGA CAQGGTAA 1949 



1067 UGAAAAAA A UAAGAGAG I 248 ICTCTCTTA GGCTAGCTACAACGA TTTTTTCAl 1950 



1075 AUAAGAGA G CUUCCGUA T 249 | TACGGAAG GGCTAGCTACAACGA TCTCTTAT 1951 



10 81 GAGCUUCC G UAAGGCGA I 250 ITCGCCTTA GGCTAGCTACAACGA GGAAGCTC| 1952 



1086 UCCGUAAG G CGACGAAU I 251 lATTCGTCG GGCTAGCTACAACGA CTTACGGA| 1953 



1089 I GUAAGGCG A CGAAUUGA I 252 ITCAATTCG GGCTAGCTACAACGA CGCCTTAC| 1954 



1093 I GGCGACGA A UUGACCAA I 253 |TTGGTCAA GGCTAGCTACAACGA TCGTCGCC| 1955 



1097 1 ACGAAUUG A CCAAAGCA I 254 ITGCTTTGG GGCTAGCTACAACGA CAATTCGT | 1956 



1103 I UGACCAAA G CAAUUCCC I 255 IGGQAATTG GGCTAGCTACAACGA TTTGGTCAj 1957 



1106 I CCAAAGCA A UUCCCAUG I 256 tCATGGGAA GGCTAGCTACAACGA TGCTTTGG| 1958 
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1112 1 


CAAUUCCC A UGCCAACA 1 


257 1 


TGTTGGCA GGCTAGCTACAACGA GGGAATTGj 


1959 


1114 j 


AUUCCCAU G CCAACAUA | 


258 | 


TATGTTGG GGCTAGCTACAACGA ATGGGAAT 


1960 


1118 


CCAUGCCA A CAOAUUCU 


259 


AGAATATG GGCTAGCTACAACGA TGGCATGGl 


1961 


1120 


AUGCCAAC A UAUUCUAC 


260 


GTAGAATA GGCTAGCTACAACGA GTTGGCAT 


1962 


1122 


GCCAACAU A UUCUACAG 


261 


CTGTAGAA GGCTAGCTACAACGA ATGTTGGC 


1963 


1127 


CAOAUUCU A CAOUGUUC 


262 


GAACACTG GGCTAGCTACAACGA AGAATATG 


1964 


1130 1 


ADUCUACA G UGUUCUUA 


263 


TAAGAACA GGCTAGCTACAACGA TGTAGAAT 


1965 


1132 


I UCUACAGU G UUCUUACU 


264 


AGTAAGAA GGCTAGCTACAACGA ACTGTAGA 


1966 


113B 


| GDGUUCUU A COAUUGAC 


| 265 


|gTCAATAG GGCTAGCTACAACGA AAGAACAC 


1 1967 


1141 


j UUCUUACU A UUGACAAA 


1 266 


ITTTGTCAA GGCTAGCTACAACGA AGTAAGAA 


1 1968 


1145 


S UACUAUUG A CAAAAUGC 


j 267 


IGCATTTTG GGCTAGCTACAACGA CAATAGTA 


I 1969 



1150 UUGACAAA A UGCAGAAC 1 268 1GTTCTGCA GGCTAGCTACAACGA TTTGTCAA 1970 



1152 j 


GACAAAAU G CAGAACAA 


269 1 


TGTTCTG GGCTAGCTACAACGA ATTTTBTCj 19/1 


1157 


AAUGCAGA A CAAAGACA | 


270 \1 


•GTCTTTG GGCTAGCTACAACGA TCTGCATT 1972 


1163 


GAACAAAG A CAAAGGAC 


271 G 


JTCCTTTG GGCTAGCTACAACGA CTTTGTTC | 


1973 | 


1170 j 


GACAAAGG A CUUUAUAC 


272 C 


5TATAAAG GGCTAGCTACAACGA CCTTTGTC 


1974 | 


1175 1 


AGGACUUU A UACUUGUC j 


273 |C 


5ACAAGTA GGCTAGCTACAACGA AAAGTCCT 


1975 | 


1177 j 


GACUUUAU A CUUGUCGU | 


274 |ACGACAAG GGCTAGCTACAACGA ATAAAGTC 


1976 j 


1181 J 


UUAUACUU G UCGUGUAA | 


275 |TTACACGA GGCTAGCTACAACGA AAGTATAA 


1977 | 


1184 | 


UACUUGUC G UGUAAGGA j 


276 |' 


rCCTTACA GGCTAGCTACAACGA GACAAGTA 


1978 j 


1186 1 


CUUGUCGU G UAAGGAGU | 


277 |i 


iVCTCCTTA GGCTAGCTACAACGA ACGACAAGl 


1979 | 


1193 | 


UGUAAGGA G UGGACCAU j 


278 L 


\TGGTCCA GGCTAGCTACAACGA TCCTTACA 


1980 


1197 


AGGAGUGG A CCAUCAUU | 


279 [ 


EATQATGG GGCTAGCTACAACGA CCACTCCT 


1981 | 


1200 


AGUGGACC A UCAUUCAA | 


280 y 


rTGAATGA GGCTAGCTACAACGA GGTCCACTl 


1982 ] 


1203 


GGACCAUC A UUCAAAUC j 


281 < 


GATTTGAA GGCTAGCTACAACGA GATGGTCC 


1983 | 


1209 | 


UCAUUCAA A UCUGUUAA j 


282 


TTAACAGA GGCTAGCTACAACGA TTGAATGA 


1984 | 


1213 | 


UCAAAUCU G UUAACACC | 


283 j 


GGTGTTAA GGCTAGCTACAACGA AGATTTGA| 


1985 


1217 


AUCUGUUA A CACCUCAG | 


284 | 


CTGAGGTG GGCTAGCTACAACGA TAACAGATI 


1986 j 


1219 


CUGUUAAC A CCUCAGUG \ 


285 


CACTGAGG GGCTAGCTACAACGA GTTAACAGl 


1987 S 


1225 


ACACCUCA G UGCAUAUA | 


286 


TATATGCA GGCTAGCTACAACGA TGAGGTGT 


198B 


| 1227 


ACCUCAGU G CAUAUAUA 


287 ] 


TATATATG GGCTAGCTACAACGA ACTGAGGT 


1989 


j 1229 


( CUCAGUGC A UAUAUAUG 


288 


CATATATA GGCTAGCTACAACGA GCACTGAG 


1990 j 


! 1231 


, CAGUGCAU A UAUAUGAU 


289 


ATCATATA GGCTAGCTACAACGA ATGCACTG 


1991 


1 1233 


I GUGCAUAU A UAUGAUAA 


| 290 


TTATCATA GGCTAGCTACAACGA ATATGCAC 


1992 ] 


j 1235 


| GCAUAUAU A UGAUAAAG 


1 291 


CTTTATCA GGCTAGCTACAACGA ATATATGC 


1993 


1 1238 


j UAUAUAUG A UAAAGCAU 


\ 292 


ATGCTTTA GGCTAGCTACAACGA CATATATA 


1994 


1243 


{ AUGAUAAA G CAUUCAUC 


293 


|gATGAATG GGCTAGCTACAACGA TTTATCAT 


1995 


j 1245 


| GAUAAAGC A UUCAUCAC 


| 294 


|gTGATGAA GGCTAGCTACAACGA GCTTTATC 


1996 


[1249 


j AAGCAUUC A UCACUGUG 


1 295 


[CACAGTGA GGCTAGCTACAACGA GAATGCTT 


1 1997 


J - 1252 


j CAUUCAUC A CUGUGAAA 


| 296 


ITTTCACAG GGCTAGCTACAACGA GATGAATG 


1998 


1255 


{ UCAUCACU G UGAAACAU 


j. 297 


IATGTTTCA GGCTAGCTACAACGA AGTGATGA 


1999 


1260 


| ACUGUGAA A CAUCGAAA 


j 298 


(TTTCGATG GGCTAGCTACAACGA TTCACAGT 


1 2000 


j 1262 


j UGUGAAAC A UCGAAAAC 


299 


[GTTTTCGA GGCTAGCTACAACGA GTTTCACA 


I 2001 


1269 


| CAUCGAAA A CAGCAGGU 


1 300 


lACCTGCTG GGCTAGCTACAACGA TTTCGATG 


1 2002 


1272 


| CGAAAACA G CAGGUGCU 


j 301 


(AGCACCTG GGCTAGCTACAACGA TGTTTTCG 


\\ 2003 


j 1276 


j AACAGCAG G UGCUUGAA 


302 


ITTCAAGCA GGCTAGCTACAACGA CTGCTGn 


J 2004 


j 1278 


| CAGCAGGU G CUUGAAAC 


j 303 


IGTTTCAAG GGCTAGCTACAACGA ACCTGCTG 


l| 2005 


j 1285 


j UGCUUGAA A CCGUAGCU 


I 304 


|aGCTACGG GGCTAGCTACAACGA TTCAAGCB 


] 2006 


1288 


| UUGAAACC G UAGCUGGC 


305 


IGCCAGCTA GGCTAGCTACAACGA GGTTTCA? 


] 2007 


j 1291 


j AAACCGUA G CUGGCAAG 


306 


[CTTGCCAG GGCTAGCTACAACGA TACGGTT1 


?| 2008 


1295 


j CGUAGCUG G CAAGCGGU 


j 307 


[ACCGCTTG GGCTAGCTACAACGA CAGCTACC 


5 2009 


1299 


1 GCUGGCAA G CGGUCUUA 


1 308 


ItAAGACCG GGCTAGCTACAACGA TTGCCAGC 


:| 2010 
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1332 GUQAAGQC A UUUCCCUC I 315 [OAGGGAAA GGCTAGCTACAACGA GCCTTCAC| 2017 



1341 UUUCCCUC Q CCGGAAGU 316 



1348 CGCCGGAA G UUGUAUGG 



CGGAAGUU G UAUGGUUA 



|CCATACAA GGCTAGCTACAACGA TTCCGGCGI 2019 
TAACCATA GGCTAGCTACAACGA AACTTCCGI 2020 



1353 I GAAGUUGU A UGGUUAAA | 319 |TTTAACCA GGCTAGCTACAACGA ACAACTTCj 2021 



1356 1 GUUGUAUG G UUAAAAGA I 320 lTCTTTTAA GGCTAGCTACAACGA CATACAACj 2022 



1364 GUUAAAAG A UGGGUUAC 



1368 AAAGAUGG G UUACCUGC 



IGTAACCCA GGCTAGCTACAACGA CTTTTAAC 2023 
[GCAGGTAA GGCTAGCTACAACGA CCATCTTT 2024 
IgTCGCAGG GGCTAGCTACAACGA AACCCATCj 2025 



1371 . GAUGGGUU A CCUGCGAC 



323 



1375 I GGUUACCU G CGACUGAG 1 324 |CTCAGTCG GGCTAGCTACAACGA AGGTAACCl 2026 



1378 



UACCUGCG A CUGAGAAA 



325 



1386 1 ACUGAGAA A UCUGCUCG 1 326 [CGAGCAGA GGCTAGCTACAACGA TTCTCAGT 2028 



1390 AGAAAUCU G CUCGCUAU 327 



1394 AUCUGCUC G CUAUUUGA 328 



lATAGCGAG GGCTAGCTACAACGA AQATTTCT 2029 
[TCAAATAG GGCTAGCTACAACGA GAGCAGAT 2030 
IgAGTCAAA GGCTAGCTACAACGA AGCGAGCAj 2031 



1397 UGCUCGCU A UUUGACUC 329 



1402 GCUAUUUG A CUCGUGGC 



330 



IGCCACGAG GGCTAGCTACAACGA CAAATAGC 2032 
lAGTAGCCA GGCTAGCTACAACGA GAGTCAAA| 2033 



1406 UUUGACUC G UGGCUACU 331 



1409 



1412 



GACUCGUG G CUACUCGU 332 



UCGUGGCU A CUCGUUAA 



333 [TTAACGAG GGCTAGCTACAACGA AGCCACGA 2035 
■334 IATAATTAA GGCTAGCTACAACGA GAGTAGCc) 2036 



GGCUACUC G UUAAUUAU 



1420 



1423 



ACUCGUUA A UUAUCAAG 



335 



CGUUAAUU A UCAAGGAC 1 336 [GTCCTTGA GGCTAGCTACAACGA AATTAACG| 2038 



1430 UAUCAAGG A CGUAACUG 337 |CAGTTACG GGCTAGCTACAACGA CCTTGATAj 



1432 UCAAGGAC G UAACUGAA I 338 |TTCAGTTA GGCTAGCTACAACGA GTCCTTGA 2040 
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1525 I UUGUCAAU G UGAAACCC I 361 1GGGTTTCA GGCTAGCTACAACGA ATTGACAAl 2063 



3 sin 1 AAUGTTOAA A CCCCAGAU I 362 lATCTGGGG GGCTAGCTACAACGA TTCACATT| 2064 



1537 I AACCCCAG A UUUACGAA I 363 jTTCGTAAA GGCTAGCTACAACGA CTGGGGTT| 2065 



1541 CCAGAUUU A CGAAAAGG I 364 1CCTTTTCG GGCTAGCTACAACGA AAATCTGGj 2066 



1549 1 ATOAAAAG G CCGUGUCA 1 365 iTGACACGG GGCTAGCTACAACGA CTTTTCGT| 2067 



1552 1 AAAAGGCC G UGUCAUCG I 366 ICGATGACA GGCTAGCTACAACGA GGCCTTTT| 2068 



1554 I AAGGCCGU G UCAUCGUD 367 lAACGATGA GGCTAGCTACAACGA ACGGCCTTj 2069 



1557 I GCCGUGUC A UCGUOUCC I 368 jGGAAACGA GGCTAGCTACAACGA GACACGGCj 2070 



1560 I GUGUCAUC G UUOCCAGA T 369 TCTGGAAA GGCTAGCTACAACGA QATGACAC| 2071 



1568 I GUUUCCAG A CCCGGCUC 370 |GAGCCGGG GGCTAGCTACAACGA CTGGAAAC| 2072 



1573 I CAGACCCG G CUCUCUAC I 371 GTAGAGAG GGCTAGCTACAACGA CGGGTCTG] 2073 



1580 GGCUCUCU A CCCACUGG I 372 [CCAGTGGG GGCTAGCTACAACGA AGAGAGCCj 2074 



1584 I CUCUACCC A CUGGGCAG I 373 | CTGCCCAG GGCTAGCTACAACGA GGGTAGAG| 2075 



1589 CCCACUGG G CAGCAGAC 



374 



1 GT CTGCTG GGCTAGCTACAACGA CCAGTGGG 2076 
TTTGTCTG GGCTAGCTACAACGA TGCCCAGTl 2077 



1592 ACUGGGCA G CAGACAAA 



375 



1596 GGCAGCAG A CAAAUCCU [ 376 |AGGATTTG GGCTAGCTACAACGA CTGCTGCC| 2078 



1600 GCAGACAA A UCCUGACU I 377 [AGTCAGGA GGCTAGCTACAACGA TTGTCTGCj 2079 



1606 AAAUCCUG A CUUGUACC | 378 |GGTACAAG GGCTAGCTACAACGA CAGGATTT | 2080 



1610 CCUGACUU G UACCGCAU 



379 



1612 | UGACUUGU A CCGCAUAU | 3B0 
1615 I CUUGUACC G CADAUGGU I 381 



|ATGC GGTA GGCTAGCTACAACGA AAGTCAGGI 2081 
[ATATQCGG GGCTAGCTACAACGA ACAAGTCAl 2082 
ACCATATG GGCTAGCTACAACGA GGTACAAG 2083 



1617 1 UGUACCGC A UAUGGUAU | 382 [ATACCATA GGCTAGCTACAACGA GCGGTACA 2084 
1619 UACCGCAU A UGGUAUCC 383 [GGATACCA GGCTAGCTACAACGA ATGCGGTA) 2085 



1622 1 CGCAUAUG G UAUCCCUC I 384 
1624 I CAUAUGGU A UCCCUCAA I 385 



| GAGGGATA GGCTAGCTACAACGA CATATGCG 2086 
TTGAGGGA GGCTAGCTACAACGA ACCATATGl 2087 
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1647 AUCAAGUG G UUCUGGCA 
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[TGCCAGAA GGCTAGCTACAACGA CACTTQAT| 2092 
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ITACAGGGG GGCTAGCTACZUVCGA GCCAGAAC) 2094 



1661 GCACCCCU G UAACCAUA 
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2105 j 


1 1706 


UUCCAAUA A UGAAGAGU 
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| UCCUGGAU G CUGACAGC 
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UGCUGACA G CAACAUGG 
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GTTTCCCA GGCTAGCTACAACGA GTTGCTGT 
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CAUGGGAA A CAGAAUUG 
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GAAACAGA A UUGAGAGC 



1760 



AAUUGAGA G CAUCACUC 



"413 [CAATTCTG GGCTAGCTACAACGA TTCCCATG 



414 IGCTCTCAA GGCTAGCTACAACGA TCTGTTTC 



415 IGAGTGATG GGCTAGCTACAACGA TCTCAATT 



2115 



2116 



2117 



1762 I UUGAGAGC A UCACUCAG 



416 ICTGAGTGA GGCTAGCTACAACGA GCTCTCAA 



2118 



1765 



AGAGCAUC A CUCAGCGC 



417 lGCGCTGAG GGCTAGCTACAACGA QATGCTCT 
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AUCACUCA G CGCAUGGC 



418 IGCCATGCG GGCTAGCTACAACGA TGAGTGAT 
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CACUCAGC G CAUGGCAA 
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1774 CUCAGCGC A UGGCAAUA 
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AGCGCAUG G CAAUAAUA 



421 iTATTATTG GGCTAGCTACAACGA CATGCGCT| 2123 



GCADGGCA A UAADAGAA 
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UGGCAAUA A UAGAAGGA 
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1796 AGGAAAGA A UAAGAUGG 
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AGAAUAAG A UGGCUAGC 



425 IGCTAGCCA GGCTAGCTACAACGA CTTATTCT) 2127 
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AUAAGAUG G CUAGCACC 



426 IGGTGCTAG GGCTAGCTACAACGA CATCTTATl 2128 
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GAUGGCUA G CACCUUGG 



427 ICCAAGGTG GGCTAGCTACAACGA TAGCCATCj 2129 



1810 UGGCUAGC A CCUUGGUU 



428 IaAGCAAGQ GGCTAGCTACAACGA GCTAGCCA| 2130 



1816 GCACCUUG G UUGUGGCU 



429 lAGCCACAA GGCTAGCTACAACGA CAAGGTGC| 2131 



1819 



CCUUGGUU G UGGCUGAC 



430 IGTCAGCCA GGCTAGCTACAACGA AACCAAGG| 2132 



1822 UGGUUGUG G CUGACUCU 



431 lAGAGTCAG GGCTAGCTACAACGA CACAACCAl 2133 



1826 



UGUGGCUG A CUCUAGAA 



432 ITTCTAGAG GGCTAGCTACAACGA CAGCCAGA 2134 



1834 



ACUCUAGA A UUUCUGGA 



433 iTCCAGAAA GGCTAGCTACAACGA TCTAGAGT| 2135 
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UUUCUGGA A UCUACAUU 



"4I4 lAATGTAGA GGCTAGCTACAACGA TCCAQftAAj 2136 



1847 UGGAAUCU A CAUUUGCA 



435 TGCAAATG GGCTAGCTACAACGA AGATTCCA| 2137 
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GAAUCUAC A UUUGCAUA 



436 ITATGCAAA GGCTAGCTACAACGA GTAGATT Cl213 8 



1853 



CUACAUUU G CAUAGCUU 



437 lAAGCTATG GGCTAGCTACAACGA AAATGTAG [213 9 



1855 ACAUUUGC A UAGCUUCC 



1858 



UUUGCAUA G CUUCCAAU 



438 1GGAAGCTA GGCTAGCTACAACGA GCAAATGT| 2140 



439 lATTGGAAG GGCTAGCTACAACGA TATGCAAA 2141 



1865 AGCUUCCA A UAAAGUUG 



440 ICAACTTTA GGCTAGCTACAACGA TGGAAGCTl 2142 



1870 



CCAAUAAA G XJUGGGACU 



441 lAGTCCCAA GGCTAGCTACAACGA TTTATTGG I 2143 



1876 



AAGUUGGG A CUGUGGGA 



442 ITCCCACAG GGCTAGCTACAACGA CCCAACTTl 2144 



1879 UUGGGACU G UGGGAAGA 



443 ITCTTCCCA GGCTAGCTACAACGA AGTCCCAA I 2145 



1889 



GGGAAGAA A CAUAAGCU 



444 lAGCTTATG GGCTAGCTACAACGA TTCTTCCC| 2146 



1891 1 GAAGAAAC A UAAGCUUU 



445 lAAAGCTTA GGCTAGCTACAACGA GTTTCTTC | 2147 



1895 AMCAUAA G CUUUUAUA 



1901 



446 



AAGCUUUU A UAUCACAG 



447 



[TATAAAAG GGCTAGCTACAACGA TTATGTTTj 2148 
ICTGTGATA GGCTAGCTACAACGA AAAAGCTTi 2149 



1903 



GCUUUUAU A UCACAGAD 



448 lATCTGTGA GGCTAGCTACAACGA ATAAAAGC | 2150 



1906 UUUAUAUC A CAGAUGUG 



449 I CACATCTG GGCTAGCTACAACGA GAT AT AAA] 2151 



1910 UAUCACAG A UGUGCCAA 



450 ITTGGCACA GGCTAGCTACAACGA CTQTGATA| 2152 



1912 UCACAGAU G UGCCAAAU 



451 lATTTGGCA GGCTAGCTACAACGA ATCTGTGA I 215 3 



1914 ACAGAUGU G CCAAAUGG 



452 ICCATTTGG GGCTAGCTACAACGA ACATCTGT | 2154 



1919 UGUGCCAA A UGGGUUUC 



453 IGAAACCCA GGCTAGCTACAACGA TTGGCACAj 2155 



1923 



CCAAAUGG G UUUCAUGU 



454 ACATGAAA 



GGCTAGCTACAACGA 



CCATTTGG 2156 



1928 UGGGUUUC A UGUUAACU 



455 [AGTTAACA GGCTAGCTACAACGA GAAACCCA 2157 



1930 



GGUUUCAU G UUAAO 



456 ICAAGTTAA GGCTAGCTACAACGA ATGAAACC I 215 8 



1934 I UCAUGUUA A CUUGGAAA 



457 ITTTCCAAG GGCTAGCTACAACGA TAACATGAj 2159 



1945 UGGAAAAA A UGCCGACG 



458 



1947 GAAAAAAU G CCGACGGA 



459 



CGTCGGCA GGCTAGCTACAACGA TTTTTCCAl 2160 



TCCGTCGG GGCTAGCTACAACGA ATTTTTTC 2161 



1951 AAAUGCCG A CGGAAGGA 



460 



TCCTTCCG GGCTAGCTACAACGA CGGCATTT 2162 



1964 AGGAGAGG A CCUGAAAC 



461 



GTTTCAGG GGCTAGCTACAACGA CCTCTCCT 2163 



1971 GACCUGAA A CUGUCUUG 



1974 CUGAAACU G UCUUGCAC 



1979 ACUGUCUU G CACAGUUA 



462 



CA7W3ACAG GGCTAGCTACAACGA TTCAGGTC 2164 



463 



GTGCAAGA GGCTAGCTACAACGA AGTTTCAG 2165 



464 



TAACTGTG GGCTAGCTACAACGA AAGACAGT 2166 



WO 02/096927 



PCT/US02/17674 



103 



1981 | 


TTffTT^ tin 1fif\ TV /^TV f2TTTTft 7A f 1 f 

UGUCJUUGU A UAwUUArVV*. | 




TTAACTG GGCTAGCTACAACGA GCAAGACA) 


2167 


1984 1 


CUUGCACA U UUAAUAAVj | 


ARC P 


TTGTTAA GGCTAGCTACAACGA TGTGCAAGl 


2168 


1988 1 


CACAGUUA A uAAuUULU 


ACT A 


GAACTTG GGCTAGCTACAACGA TAACTGTGl 


2169 


1992 | 


smwm-m vtv 4t ^7m T7*T T^^T TT T1VY TTV I 

GUUAACAA G UUCUUAUA | 


acq It 


tv tv an a A GGCTAGCTACAACGA TTGTTAAC 1 


2170 1 


1998 | 


7i tv j w ti T^tfc ¥t t TA TTTV ^ TV TV ^ TV 1 

AAGUUCUU A UAUAviAtxA | 


acq It 


•PTCKSTA GGCTAGCTACAACGA AAGAACrri 


2171 J 


m\ A #X *f% 1 

2000 1 


GUUCUUAU A CAuAUAUvs J 


ATn lr 


V5TCTCTG GGCTAGCTACAACGA ATAAGAAC 1 

t \J X W * w X W WWW X»» W W »Wilr*W wi a * m*»m mm ■ 


2172 J 


2006 | 


^itv^Vtv TV / VI tt/t/tv / 11 'If T 1 

AUACAGAG A CGUUACUU | 


AT1 Iz 


.TvfiTAACG ^GGCTAGCTACAACGA CTCTGTATl 


2173 | 


| 2008 | 


^> tv f% iv *V ^7 ^7 TTf YTV ^'1 IITY5^* 1 

ACAGAGAC G UUAuUUWj | 


A ii if 


'PAAOTAA 'GGCTAGCTACAACGA GTCTCTGTl 


2174 j 


| 2011 | 


GAGACGUU A CULH5UAIJU | 


A*n Ii 


lawryvAG GGCTAGCTACAACGA AACGTCTCl 


2175 1 


[2017 | 


UUACUUGG A UUUUACUG | 


ATA 1 f 


i tv ryp a a a a df^PTRGPTAPAACGA CCAAGTAA 1 


2176 1 


| 2022 | 


UGGAUUUU A CUGCGGAjl. j 




ZTPPOPAG GGCTAGCTACAACGA AAAATCCAI 


2177 


| 2025 j 


AUUUUACU G CGGACAGU j 




tvPTflTPPfl nnPTanPTAPAAPGA agtaaaatI 


2178 1 

mm ^» * W 


| 2029 | 


UACUGCGG A CAGUUAAU | 


AT*7 1 


aTTaaPTG ogptagptacaacga CCGCAGTAl 


2179 

mm m* • ^ | 


| 2032 | 


Mm f fi v jv TV T TTV TV ^7J i 

UGCGGACA G UUAAUAAC j 


ATO Ii 


riTTaTTaA GGCTAGCTACAACGA TGTCCGCAl 


2180 I 


1 2036 | 


^ tv #77V Mvtf Tli TV TTTV Tv ^7Tv TV TV to 

GACAGUUA a uaacagaa. i 


ATQ 1* 
% IS \ 


TTPTOTTZL GGCTAGCTACAACGA TAACTGTCl 


2181 1 


| 2039 | 


fi /wpw^m Vitth TV ^7. TV TV TV TV TV i 

AGUUAAUA A CAGAACAA | 


A on 1 


TTYyTTPTG GGCTAGCTACAACGA TATTAACT 1 


2182 | 


1 2044 | 


« tvn tv TV TV T T/r /*7 T\ /r f 

AUAACAGA A CAAUGCAC { 


A Q 1 1 


GTGCATTG GGCTAGCTACAACGA TCTGTTAT| 


21B3 [ 


| 2047 | 


/*i n ^7 7v TV /*1 T\ TV T T^T ^T fi f*%9 TTV f** ? 

ACAGAACA A UGCACUAv- i 


AflO 1 
iD/ 1 


GTAGTGCA GGCTAGCTACAACGA TGTTCTGT 


2184 


| 2049 | 


AGAACAAU g cacuagag i 


AQ1 1 


CTGTAGTG GGCTAGCTACAACGA ATTGTTCT] 


2185 j 


| 2051 1 


tv tk. /ill tv TTrirt iv T TV ^1 Tv /'7TTTV 1 

AACAAUGC A CUACAGUA | 


ADA 1 


TACTGTAG GGCTAGCTACAACGA GCATTGTT 


2186 J 


\ 2054 j 


iv > TTn /^tt t tv ^Ttv / *f TTVTTl TTV 1 

AAUGCACU A CAGUAUUA | 


are; 1 


TAATACTG GGCTAGCTACAACGA AGTGCATT 


2187 j 


| 2057 | 


GCACUACA G UAUUAGLA j 


aoc i 


TGCTAATA GGCTAGCTACAACGA TGTAGTGC 


2188 | 


| 2059 | 


Tl ^ If T> ^771 /IFT fV T IT T JV ^7^7 TV TV f~I J 

ACUACAGU A UUAGCAAG j 




CTTGCTAA GGCTAGCTACAACGA ACTGTAGT 


| 2189 j 


1 2063 


nit ^TTTTV TTTTTV ^1 TV TV TV TV TV I 

CaGUAUUA G CjVAUCAftA > 


AQQ 1 


TTTGCTTG GGCTAGCTACAACGA TAATACTG 


2190 


| 2067 


TVtTTTR/^ATVTA TV TV TV TV 71 ATT 1 

AUUAuLAA vj UuvVAnftu | 


AAQ 1 


ATTTTTTG GGCTAGCTACAACGA TTGCTAAT 


2191 


I i /\ i >i 
| 2074 


AGCAAAAA A UvawCl-AUl- 




GATGGCCA GGCTAGCTACAACGA TTTTTGCT 


[ 2192 j 


2077 


a Tv A A Tk TATTr* fl r i r*7iTTr , 7ir , TT 


AQ1 


AGTGATGG GGCTAGCTACAACGA CATTTTTT 


2193 


| 2080 




I 492 


| CTTAGTGA GGCTAGCTACAACGA GGCCATTT| 2194 | 


1 2083 


UbrVjCUAUV-. A V-UiVM*JrtdxUJ 


1 Y & j 


| CTCCTTAG GGCTAGCTACAACGA GATGGCCA] 2195 | 


j 2091 


| AGUAAvaUA o VJAV*Uv»V#M.U 


[ 494 


(aTGGAGTG GGCTAGCTACAACGA TCCTTAGtI 2196 




! tta an/^TAnr* zv rTTr*PJ\TTPA 


! 495 


|TGATGGAG GGCTAGCTACAACGA GCTCCTTA 


. 2197 


j 209b 


S ArT'ivr^TTrr' a TTPZVPrTfTlTT 


1 496 


lAAGAGTGA GGCTAGCTACAACGA GGAGTGCT 


| 2198 


j 2101 


! a r^TTl^/^TVTT/^ a /" , TT/" , T7TTaaTT 


1 497 


|aTTAAGAG GGCTAGCTACAACGA GATGGAGT 


2199 


1 ii no 


1 r'arTTnTTTa a TTnitTarryv 


\ 498 


TGGTAAGA GGCTAGCTACAACGA TAAGAGTG 


. 2200 


1 n I i 


1 TTrtaaiTrtTfT a ppatTnJVTTR 


1 499 


ICATGATGG GGCTAGCTACAACGA AAGATTAA| 2201 | 


I 41 i it 
| 211b 


1 ATtnTfTapr' a TTPaiTnaMT 


1 500 


|ATTCATGA GGCTAGCTACAACGA GGTAAGA1 


1 2202 j 






501 


IaACATTCA GGCTAGCTACAACGA GATGGTAi 


k 2203 | 


1 21* J 


I paTTPMTfia. a TTfSTTttnPPC 


1 502 


|gGGAAACA GGCTAGCTACAACGA TCATGATC 


I 2204 | 


i 11 1 c 

f 212b 


1 iTpamnaaTT a TTrTTTPPPrrn 

1 U VJaU urnnU vjr UUUV.LUUU 


1 503 

1 w W J 


[CAGGGAAA GGCTAGCTACAACGA ATTCATGJ 


I 2205 j 


1 ii o *a 
| 213 J 


1 rrrTT TTTPPPT T CI PaiiRaTTtTP 


1 504 


IGAATCTTG GGCTAGCTACAACGA AGGGAAAX 


: 2206 1 


j 2138 


| CCUGCAAG A UUCAGGCA 


1 505 


[tGCCTGAA GGCTAGCTACAACGA CTTGCA© 


3 2207 


2144 


| AGAUUCAG G CACCUAUG 


1 506 


jcATAGGTG GGCTAGCTACAACGA CTGAATC 


r 2208 ( 


j 2146 


| AUUCAGGC A CCUAUGCC 


507 


IGGCATAGG GGCTAGCTACAACGA GCCTGAA' 


r 2209 | 


| 2150 


] AGGCACCU A UGCCQGCA 


508 


[tGCAGGCA GGCTAGCTACAACGA AGGTGCC 


r 2210 j 


2152 


| GCACCUAU G CCUGCAGA 


| 509 


jTCTGCAGG GGCTAGCTACAACGA ATAGGTG 


C 2211 


["2156 


1 CUAUGCCU G CAGAGCCA 


510 


|tGGCTCTG GGCTAGCTACAACGA AGGCATA 


G 2212 1 


j 2161 


1 CCUGCAGA G CCAGGAAU 


511 


|aTTCCTGG GGCTAGCTACAACGA TCTGCAG 


G 2213 I 


2168 


j AGCCAGGA A UGUAUACA 


| 512 


1 TGTATACA GGCTAGCTACAACGA TCCTGGC 


T 2214 ( 


| 2170 


j CCAGGAAU G UAUACACA 


513 


(TGTGTATA GGCTAGCTACAACGA ATTCCTG 


G 2215 ] 


1 2172 


1 AGGAAUGU A UACACAGG 


514 


1 CCTGTGTA GGCTAGCTACAACGA ACATTCC 


T 2216 ] 


2174 


| GAAUGUAU A CACAGGGG 


I 515 


j CCCCTGTG GGCTAGCTACAACGA ATACATT 


C 2217 


| 2176 


j AUGUAUAC A CAGGGGAA 


| 516 


TTCCCCTG GGCTAGCTACAACGA GTATACA 


T 2218 ! 



WO 02/096927 



104 



PCT/US02/17674 



2188 | 


GGGAAGAA A UCCUCCAG 


517 l( 


2TGGAGGA GGCTAGCTACAACGA TTCTTCCC 


2219 


2206 ) 


AGAAAGAA A UUACAAUC 


516 |( 


3ATTGTAA GGCTAGCTACAACGA TTCTTTCT 


2220 j 


2209 1 


AAQAAAUU A CAAUCAGA 


519 r 


rCTGATTG GGCTAGCTACAACGA AATTTCTtI 


2221 


2212 | 


AAAUUACA A UCAGAGAU 


520 I 


ATCTCTGA GGCTAGCTACAACGA TGTAATTTj 


2222 


2219 


AAUCAGAG A UCAGGAAG 


521 1 


CTTCCTGA GGCTAGCTACAACGA CTCTGATTl 


2223 j 


2227 


AUCAGGAA 0 CACCAUAC 


522 


GTATGGTG GGCTAGCTACAACGA TTCCTGAT 


2224 


2229 1 


CAGGAAGC A CCAUACCU 


523 


AGGTATGG GGCTAGCTACAACGA GCTTCCTG 


2225 


2232 1 


GAAGCACC A UACCUCCU 


524 


AGGAGGTA GGCTAGCTACAACGA GGTGCTTC 


2226 


2234 


; AGCACCAU A CCUCCUQC 


525 1 


GCAGGA6G GGCTAGCTACAACGA ATGGTGCT 


2227 


2241 


UACCUCCU G CGAAACCU 


526 1 


AGGTTTCG GGCTAGCTACAACGA AGGAGGTA| 


2228 j 


2246 


[ CCUGCGAA A CCUCAGUG 


527 


jCACTGAGG GGCTAGCTACAACGA TTCGCAGG 


2229 


2252 


| AAACCUCA G UGAUCACA 


! 528 


|tGTGATCA GGCTAGCTACAACGA TGAGGTTT 


2230 


2255 


1 CCUCAGUG A UCACACAG 


529 


1 CTGTGTGA GGCTAGCTACAACGA CACTGAGG 


2231 


2258 


| CAGUGAUC A CACAGUGG 


530 


jCCACTGTG GGCTAGCTACAACGA GATCACTG 


2232 


2260 


GUGAUCAC A CAGUGGCC 


531 


|gGCCACTG GGCTAGCTACAACGA GTGATCAC 


1 2233 


2263 


1 AUCACACA G UGGCCAUC 1 532 


IGATGGCCA GGCTAGCTACAACGA TGTGTGAT 


1 2234 


2266 


1 ACACAGUG G CCAUCAGC 


j 533 


[GCTGATGG GGCTAGCTACAACGA CACTQTGT 


I 2235 


2269 


1 CAGUGGCC A UCAGCAGU 


1 534 


lACTGCTGA GGCTAGCTACAACGA GGCCACTG 


-j 2236 



2273 



GGCCAUCA G CAGUUCCA 535 ItGGAACTG GGCTAGCTACAACGA TGATGGCC| 2237 



2276 CAUCAGCA G UUCCACCA 536 



[TGGTGGAA GGCTAGCTACAACGA TGCTGATQ 2238 
ItAAAGTGQ GGCTAGCTACAACGA GGAACTGCj 2239 



2281 GCAGUUCC A CCACUUUA 



2284 
2291 
2294 



2297 



537 



GUUCCACC A CUUUAQAC \ 538 
CACUUUAG A CUGUCAUG j 539 
UUUAGACU G UCAUGCUA I 540 



IGTCTAAAG GGCTAGCTACAACGA GGTGGAAC 2240 
[ CATGACAG GGCTAGCTACAACGA CTAAAGTG 2241 
ItAGCATGA GGCTAGCTACAACGA AGTCTAAftj 2242 



AGACUGUC A UGCUAAUG I 541 |cATTAGCA GGCTAGCTACAACGA GACAGTCT| 2243 



2299 ACUGUCAU G CUAAUGGU | 542 [ACCATTAG GGCTAGCTACAACGA ATGACAGT 2244 



2303 I UCAUGCUA A UGGOGUCC | 543 | GGACACCA GGCTAGCTACAACGA TAGCATGA 2245 



23 06 I UGCUAAUG G UGUCCCCG 1544 |CGQGGACA GGCTAGCTACAACGA CATTAGCA 



2246 



2308 
2316 



CUAAUGGU G UCCCCGAG I 545 
GUCCCCGA G CCUCAGAU I 546 



[C TCGGGGA GGCTAGCTACAACGA ACCATTAG 
ATCTGAGG GGCTAGCTACAACGA TCGGGGAC 



2247 
2248 



2323 AGCCUCAG A UCACUUGG I 547 [CCAAGTGA GGCTAGCTACAACGA CTGAGGCT 



2249 



2326 CUCAGAUC A CUUGGUUU I 548 |aAACCAAG GGCTAGCTACAACGA GATCTGAG 



2250 



2331 1 AUCACUUG G UUUAAAAA 1 549 |TTTTTAAA GGCTAGCTACAACGA CAAGTGAT 



2251 



2339 GUUUAAAA A CAACCACA 



550 (TGTGGTTG GGCTAGCTACAACGA TTTTAAAC 
iil TTTTGTGG GGCTAGCTACAACGA TGTTTTTA 



2252 



2342 



2345 
2350 



UAAAAACA A CCACAAAA 



2253 



AAACAACC A CAAAAUAC 1 552 
ACCACAAA A UACAACAA t 553 



(GTATTTTG GGCTAGCTACAACGA GGTTGTTT 
[TTGTTGTA GGCTAGCTACAACGA TTTGTGGT 



2254 
2255 



2352 CACAAAAU A CAACAAGA I 554 [TCTTGTTG GGCTAGCTACAACGA ATTTTQTG 



2256 



2355 I AAAAUACA A CAAGAGCC I 555 |GGCTCTTG GGCTAGCTACAACGA TGTATTTT 



2257 



23 61 I CAACAAGA G CCUGGAAU I 556 |ATTCCAGQ GGCTAGCTACAACGA TCTTGTTG 



2258 



2368 AGCCUGGA A UUAUUUUA I 557 |tAAAATAA GGCTAGCTACAACGA TCCAQQCT 



2259 



2371 I CUGGAAUU A UUUUAGGA ( 558 [TCCTAAAA GGCTAGCTACAACGA AATTCCAG 



2260 



2379 AUUUUAGG A CCAGGAAG 1 559 [CTTCCTGG GGCTAGCTACAACGA CCTAAAAT 



2387 ACCAGGAA G CAGCACGC f 560 jQCGTGCTG GGCTAGCTACAACGA TTCCTGGT 



2390 I AGGAAGCA G CACGCUGU I 561 |ACAGCGTG GGCTAGCTACAACGA TGCTTCCT 



2392 I GAAGCAGC A CGCUGUUU I 562 |AAACAGCG GGCTAGCTACAACGA GCTGCTTC 



2261 



2262 



2263 



2264 



2394 AGCAGCAC G CUGUUUAU I 563 |ATAAACAG GGCTAGCTACAACGA GTGCTGCT 



2413 



2423 



2265 



2397 I AGCACGCU G UUUAUUGA I 564 |TCAATAAA GGCTAGCTACAACGA AGCGTQCT 



2266 



2401 CGCUGUUU A UUGAAAGA I 565 [TCTTTCAA GGCTAGCTACAACGA AAACAGCG 



2267 



2410 1 UUGAAAGA G UCACAGAA 1 566 [TTCTGTGA GGCTAGCTACAACGA TCTTTCAA 



2268 



AAAGAGUC A CAGAAGAG | 567 [CTCTTCTG GGCTAGCTACAACGA GACTCTTT 



2269 



AQAAGAGG A UGAAGGUG I 568 [CACCTTCA GGCTAGCTACAACGA CCTCTTCT 
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2429 f GGAUGAAG G UGUCUAUC I 569^ 



GATAGACA GGCTAGCTACAACGA CTTCATCc| 2271 



2431 I AUGAAGGU G UCUAUCAC 570 
AGGUGUCU A UCACUGCA | 571 
UGUCUAUC A CUGCAAAG 1 572 
C UAUCACU G CAAAGCCA 
ACUGCAAA G CCACCAAC 



GTGATAGA GGCTAGCTACAACGA ACCTTCAT| 2272 



GCA AAGCC A CCAACCAG j 575 
AGCCACCA A CCAGAAGG I 576 



TGCAGTGA GGCTAGCTACAACGA AQACACCTI 2273 
CTTTQCAG GGCTAGCTACAACGA GATAGACa| 2274 



TGGCTTTG GGCTAGCTACAACGA AGTGATAGI 2275 
GTTGGTGG GGCTAGCTACAACGA TTTGCAGTl 2276 



C TGGTTGQ GGCTAGCTACAACGA GGCTTTQC 2277 
CCTTCTGG GGCTAGCTACAACGA TGGTGGCT| 2278 



2462 | CCAGAAGG G CUCUGUGG 
2467 I AGGGCUCU G UGGAAAGU 
2474 UGUGGAAA G UUCAGCAU 



C CACAGAG GGCTAGCTACAACGA CCTTCTGG] 2279 
ACTTTCCA GGCTAGCTACAACGA AGAGCCCTl 2280 
ATGCTGAA GGCTAGCTACAACGA TTTCCACA| 2281 



2479 I AAAGUUCA G CAUACCUC | 580 



2481 1 AGUUCAGC A UACCUCAC 



2483 | UUCAGCAU A CCUCACUG 
2488 I CAUACCUC A CUGUUCAA 



581 
582 
583 



[GA GGTATG GGCTAGCTACAACGA TQAACTTT 2282 
IGTG AGGTA GGCTAGCTACAACGA GCTGAACT 2283 
ICAQTGAGG GGCTAGCTACAACGA ATGCTGAA 2284 
ItTQAACAG GGCTAGCTACAACGA GAGGTATG [ 2285 



2511 



2627 



2644 



2648 



2654 



ACCUCACU G UUCAAGGA 
UUCAA GGA A CCUCGGAC 
AACCUCGG A CAAGUCUA 
UCGGACAA G UCUAAUCU 



ITCCTT GAA GGCTAGCTACAACGA AGTGAGGT 2286 
[GTCC GAGG GGCTAGCTACAACGA TCCTTGAAl 22 B7 
[T AGACTTG GGCTAGCTACAACGA CCGAGGTT 2288 
IaGATTAGA GGCTAGCTACAACGA TTGTCCGa| 2289 



2 516 | CAAGUCUA A UCUGGAGC 
2523 1 AAUCUGGA G CUGAUCAC 
2527 I UGGAGCUG A UCACUCUA 



[GCTCCAGA GGCTAGCTACAACGA TAGACTTG 2290 
I GTGATCAG GGCTAGCTACAACGA TCCAGATT 2291 
1TAGAGTGA GGCTAGCTACAACGA CAGCTCCAj 2292 



2530 j AGCUGAUC A CUCUAACA 

2536 I UCACUCUA A CAUGCACC 

2538 1 ACUCUAAC A UGCACCUG 

2540 j UCUAACAU G CACCUGUG 

2542 I UAACAUGC A CCUGUGUG 

2546 j AUGCACCU G UGUQGCUG 

2548 j GCACCUGU G UGGCUGCG 

2551 I CCUGUGUG G CUGCGACU 

2554 I GUGUGGCU G CGACUCUC 



[ tGTTAGAG GGCTAGCTACAACGA QATCAGCT 2293 
[ GGTGCATG GGCTAGCTACAACGA TAGAGTGAj 2294 
I cAGGTGCA GGCTAGCTACAACGA QTTAGAGTl 2295 
I CACAGGTG GGCTAGCTACAACGA ATGTTAGAl 2296 
IC ACACAGG GGCTAGCTACAACGA GCATGTTA 2297 
C AGCCACA GGCTAGCTACAACGA AGGTGCAT 2298 
[cGCAGCCA GGCTAGCTACAACGA ACAGGTGC 2299 
| aGTCGCAG GGCTAGCTACAACGA CACACAGG 2300 
[gAGAGTOG GGCTAGCTACAACGA AGCCACAC| 2301 



2557 I UGGCUGCG A CUCUCUUC | 600 |gAAGAGAG GGCTAGCTACAACGA CGCAGCCA 2302 



2568 j CUCUUCUG G CUCCUAUU 
2574 I UGGCUCCU A UUAACCCU 



2578 1 UCCUAUUA A CCCUCCUU 

2587 I CCCUCCUU A UCCGAAAA 

2596 I UCCGAAAA A UGAAAAGG 

2604 I AUGAAAAG G UCUUCUUC 



2 617 | CUUCUGAA A UAAAGACU 
2623 I AAAUAAAG A CUGACUAC 



601 [ AATAQQAG GGCTAGCTACAACGA CAGAAGAG 2303 
"602 [ AGGGTTAA GGCTAGCTACAACGA AQGAGCCAl 2304 
IaAGGAGGG GGCTAGCTACAACGA TAATAGGAl 2305 
[rTTTCGGA GGCTAGCTACAACGA AAiGGAGGQl 2306 
[CCTTTTCA GGCTAGCTACAACGA TTTTCQGaI 2307 
[GAAGAAGA GGCTAGCTACAACGA CTTTTCATl 2308 
607 lAGTCTTTA GGCTAGCTACAACGA TTCAGAAGl 2309 

"eoi Igtagtcag gqctagctacaacga ctttattt| 2310 



AAAGACUG A CUACCUAU 609 |ATAGGTAG GGCTAGCTACAACGA CAQTCTTT 2311 



2630 I GACUGACU A CCUAUCAA | 610 



2634 | GACOACCU A UCAAUUAU 
2638 I ACCUAUCA A UUAUAAUG 



2641 I UAUCAAUU A UAAUGGAC 



611 
612 
613 



|TTGATAGG GGCTAGCTACAACGA AGTCAGTC 2312 
IaTAATTGA GGCTAGCTACAACGA AGGTAGTCl 2313 
1 CATTATAA GGCTAGCTACAACGA TGATAGGT| 2314 



1GTCCATTA GGCTAGCTACAACGA AATTGATA 2315 



CAAUUAUA A UGGACCCA j 614 |TGGGTCCA GGCTAGCTACAACGA TATAATTGj 2316 



UAUAAUGQ A CCCAGAUQ I 615 [CATCTGGG GGCTAGCTACAACGA CCATTATAl 2317 



GGACCCAG A UGAAGUUC 1 616 |gAACTTCA GGCTAGCTACAACGA CTGQGTCC 2318 



2659 | CAQAUGAA G UUCCUUUG 
2669 j UCCUUUGG A UGAGCAGU 
2673 I UUGGAUGA G CAGUGUGA 



[CAAAGGAA GGCTAGCTACAACGA TTCATCTG 2319 
lA CTGCTCA GGCTAGCTACAACGA CCAAAGGAI 2320 
ItCACACTG GGCTAGCTACAACGA TCATCCAA| 2321 



I GMJGAGCA G UGUGAGCG 1 620 [CGCTCACA GGCTAGCTACAACGA TGCTCATC| 2322 
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F2678 1 


UGAGCAGU 6 UGAGCGGC I 


621 |G 


CCGCTCA GGCTAGCTACAACGA ACTGCTCA| * 


2323 


[2682 


CAGUGUGA G CGGCUCCC | 


622 G 


GGAGCCG GGCTAGCTACAACGA TCACACTG| < 


2324 


[2685 


UGUGAGCG G CUCCCUUA 


623 T 


AAGGGAG GGCTAGCTACAACGA CGCTCACA| . 


2325 


2693 


GCOCCCUU A UGAUGCCA 


624 T 


"GGCATCA GGCfAiiCxaCAACGA AAGGGAGC| 


2326 


2696 


CCCUUAUG A UGCCAGCA | 


625 n 


'GCTGGCA GGCTAGCTACAACGA CATAAGGGj 


2327 


2696 


CUUAUGAU G CCAGCAAG 


626 C 


JTTGCTGG CTjCTAuCTACAACtdA ATCATAAG) 


*i o n 

2328 


2702 


UGAUGCCA G CAAGUGGG 


627 ]c 


:CCACTTG GGC'l'AG CTACAACGa TGGCATCA| 


2329 - 


2706 


GCCAGCAA G UGGGAGUU 


628 U 


IACTCCCA GGCTAGCTACAACGA TTGCTGGC| 


4*. A k% A 

2330 


2712 


AAGUGGGA G UUUGCCCG 


629 J< 


:GGGCAAA GGCTAGCTACAACGA TCCCACTT| 


2331 


2716 


GGGAGUUU G CCCGGGAG 


630 ( 


rrCCCGGG GGCTAGCTACAACGA AAACTCCCj 


n «4k #k 

2332 


1 2727 


CGGGAGAG A CUUAAACU | 


631 i 


4GTTTAAG GGCTAGCTACAACGA CTCTCCCG| 


2333 


2733 


AGACUUAA A CUGGGCAA j 


632 


rTGCCCAG GGCTAGCTACAACGA TTAAGTCT| 


2334 


2738 


UAAACUGG G CAAAUCAC 


633 < 


3TGATTTG GGCTAGCTACAACGA CCAGTTTA) 


2335 


2742 


CUGGGCAA A UCACUUGG | 


634 < 


CCAAGTGA GGCTAGCTACAACGA TTGCCCAG| 


2336 


2745 


GGCAAAUC A CUUGGAAG | 


635 j 


CTTCCAAG GGCTAGCTACAACGA GATTTGCCj 


2337 


2758 


GAAGAGGG G CUUUUGGA 


636 | 


TCCAAAAG GGCTAGCTACAACGA CCCTCTTCj 


2338 


2770 


UUGGAAAA G UGGUUCAA 


637 


TTGAACCA GGCTAGCTACAACGA TTTTCCAA) 


2339 


2773 \ 


GAAAAGUG G UUCAAGCA j 


638 


TGCTTGAA GGCTAGCTACAACGA CACTTTTC 


2340 


2779 


UGGUUCAA G CAUCAGCA j 


639 | 


TGCTGATG GGCTAGCTACAACGA TTGAACCA | 


2341 


2781 


GUUCAAGC A UCAGCAUU | 


640 | 


AATGCTGA GGCTAGCTACAACGA GCTTGAAC| 


2342 


2785 


AAGCAUCA G CAUUUGGC j 


641 | 


GCCAAATG GGCTAGCTACAACGA TGATGCTT] 


«kv « M 

2343 


2787 


GCAUCAGC A UUUGGCAU 


642 


ATGCCAAA GGCTAGCTACAACGA GCTGATGC| 


2344 


2792 


AGCAUUUG G CAUUAAGA 


643 


TCTTAATG GGCTAGCTACAACGA CAAaTGCT| 


2345 


2794 


CAUUUGGC A UUAAGAAA 


644 


TTTCTTAA GGCTAGCTACAACGA GCCAAATG | 


2346 


i 2802 


AUUAAGAA A UCACCUAC 


645 


IGTAGGTGA GGCTAGCTACAACGA TTCTTAAT| 


2347 


2805 


AAGAAAUC A CCUACGUG 


[ 646 


CACGTAGG GGCTAGCTACAACGA GATTTCTTI 


2348 


2809 


AAUCACCU A CGUGCCGG 


| 647 


|CCGGCACG GGCTAGCTACAACGA AGGTGATT 


1 2349 


2811 


| UCACCUAC G UGCCGGAC 


648 


IGTCCGGCA GGCTAGCTACAACGA GTAGGTGA 


2350 


2813 


| ACCUACGU G CCGGACUG 


649 


ICAGTCCGG GGCTAGCTACAACGA AOGTAGGT 


[ 2351 


2818 


\ CGUGCCGG A CUGUGGCU 


j 650 


(aGCCACAG GGCTAGCTACAACGA CCGGCACG 


j 2352 


2821 


[ GCOGGACU G UGGCUGUG 


651 


[CACAGCCA GGCTAGCTACAACGA AGTCCGGC 


2353 


2824 


1 GGACUGUG G CUGUGAAA 


652 


| TTTCACAG GGCTAGCTACAACGA CACAGTCC 


1 2354 


2827 


j CUGUGGCU G UGAAAAUG 


1 653 


[CATTTTCA GGCTAGCTACAACGA AGCCACAG 




2833 


j CUGUGAAA A UGCUGAAA 


j 654 


ItTTCAGCA GGCTAGCTACAACGA TTTCACAG 


S nee 


2835 


j GUGAAAAU G CUGAAAGA 


! 655 


ITCTTTCAG GGCTAGCTACAACGA ATTTTCAC 


| 2357 


2848 


j AAGAGGGG G CCACGGCC 


656 


[GGCCGTGG GGCTAGCTACAACGA CCCCTCTT 


I 2358 


2651 


j AGGGGGCC A CGGCCAGC 


j 657 


jGCTGGCCG GGCTAGCTACAACGA GGCCCCCT 


| 2359 


2854 


J GGGCCACG G CCAGCGAG 


| 658 


ICTCGCTGG GGCTAGCTACAACGA CGTGGCCC 


I 2360 


2858 


j CACGGCCA G CGAGUACA 


j 659 


|TGTACTCG GGCTAGCTACAACGA TGGCCGTC 


'I 

»j ZJox i 


2862 


j GCCAGCGA G UACAAAGC 


j 660 


IGCTTTGTA GGCTAGCTACAACGA TCGCTGGC 


-I 2362 


2864 


j CAGCGAGU A CAAAGCUC 


| 661 


1 - - — , . — ■ _j 11 ■ ■ k #k AinHv to to j^t^i to to ^t&ft^^fvf Ull/ 

GAGCTTTG GGCTAGCTACAACGA ACTCUCLX: 


11 ^ "5 £ "3 

>| 2363 


2869 


1 AGUACAAA G CUCUfc>AUv3 


I ceo 


IraTPanaO GGCTAGCTACAACGA TTTGTACT 


M 2364 


2875 


j AAGCUCUG A UGACUGAG 


663 


jCTCAGTCA GGCTAGCTACAACGA CAGAGCT3 


?| 2365 


2878 


j CUCUGAUG A CUGAGCUA 


j 664 


ItAGCTCAG GGCTAGCTACAACGA CATCAGAC 


}] 2366 


2883 


1 AUGACUGA G CUAAAAAU 


665 


J ATTTTTAG GGCTAGCTACAACGA TCAGTCAj 


C| 2367 


2890 


j AGCUAAAA A UCUUGACC 


j 666 


|gGTCAAGA GGCTAGCTACAACGA TTTTAGC' 


r 2368 


2896 


j AAAUCUUG A CCCACAUU 


j 667 


(AATGTGGG GGCTAGCTACAACGA CAAGATT; 


r] 2369 


2900 


I CUUGACCC A CAUUGGCC 


i 668 


IgGCCAATG GGCTAGCTACAACGA GGGTCAW 


3| 2370 


2902 


1 UGACCCAC A UUGGCCAC 


1 669 


(GTGGCCAA GGCTAGCTACAACGA GTGGGTC2 


\ 2371 - 


2906 


j CCACAUUG G CCACCAUC 


j 670 


jGATGGTGG GGCTAGCTACAACGA CAATGTO 


3| 2372 


2909 


j CAUUGGCC A CCAUCUGA 


671 


ItCAGATGG GGCTAGCTACAACGA GGCCAATi 


31 2373 


2912 


I UGGCCACC A UCUGAACG 


| 672 


|CGTTCAGA GGCTAGCTACAACGA GGTGGCC 


n| 2374 
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2918 


— - ^^^^ ^m^^m MM w 

CCAUCUGA A CGUGGUUA 


673 |T. 


aanrarn GGCTAG CTACAACGA TCAGATGG ' 


2375 | 


, 2920 


AUCUGAAC G UGGUUAAC 


674 )G 


TTiiarrn. GOCTAGCTACAACGA GTTCAGAtI 


2376 j 


| 2923 


UGAACGUG G UUAACCUG 1 


cnc Ir 1 
o /b |v* 


&RGTTAA GGCTAGCTACAACGA CACGTTCAl 


2377 j 


2927 


CGUGGUUA A CCUGCOGG 


676 |C 


C "iM.4t-imal3 VJVJw XfMJ*-' *• JXVi»f»fxv^ v*«* * i 


2378 1 


2931 


GTJUAACCU G CUGGGAGC | 


oil yc 


TwrTAn GGCTAGCTACAACGA AGGTTAACl 


2379 1 


] 2938 


UGCUGGGA G CCUGCACC | 


678 |G 


irwtiru^nf2r» nnnraorTAnziACGA TCCCAGCAl 


2380 | 


1 2942 


GGGAGCCU G CACCAAGC | 


679 |C 


t nmrrt rT"vr* nnf^vhflf^mniil^CGR. AGGCTCCCI 


2381 1 

mm mm *^ 1 


1 2944 


GAGCCUGC A CCAAGCAA | 


680 p 


■wnr«rt»iwTvsr» fifiPTaOTTaPaarQA GCAQGCTCl 


2382 


1 2949 


UGCACCAA G CAAGGAGG | 


681 |< 


•%rvnr*nwr*r* /2rsr B r^nr w PAr , lMir , OA TTOfWGCAl 


2383 I 
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CAAGGAGG G CCUCUGAU | 
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mm mj ™ ) 
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GGCCUCUG A UGGUGAUU T 


683 ji 


VATCACC-A, vaUUJJUj^XAwiftv-w* w»ar»aw^-v-| 


2-385 

mm mw W mm 1 
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CUCUGAUG G UGAUUGUU 1 


684 |j 


n*mvi\»i»r»ii /T/ir w ranr , T2ir , JMXf^f5A CATCAGAGt 

\f\\ , iftft.lt— A. otJiv> i. nJv> liv-JUlvWl UMWUinu| 


2386 | 


I 2971 L 


UGAUGGUG A UUGUUGAA j 


685 |' 


TTCAACAA urtjuXAla^AA^*****^ 3 ** 


2387 ! 

mm mm W m 1 
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UGGUGAUU G UUGAAUAC [ 


686 | 


STATTCAA GUCTAliu JLAwjAUAaK jyftXA^«,^t^**.[ 


2388 1 


1 2979 j 


AUUGUUGA A UACUGCAA ] 


687 j 


TTGCAGTA QQCTAGUTAwUiLAaH iuiftuuii j 


2389 1 


| 2981 | 


UQUUGAAU A CUGCAAAU 
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ATTTGCAG LHiCi,'Aii\JXAV-/U4.v rf vjrt /IX X 


2390 1 
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UGAAUACU G CAAAUAUG j 
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CATATTTG GGCTAGL- 1 ALJV/\Uvxft itoXivxn^| 
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| 2988 j 


UACUGCAA A UAUGGAAA j 
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m^t *J *J £d I 
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CUGCAAAU A UGGAAAUC | 
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GAT"X"X"4J<JA i3VaLi"X'AVjV*XAV-*rt».v*w* *** * 


2393 1 


2996 


AUAUGGAA A UCUCUCCA j 


692 1 


TGGAGAGA GGCTALjL. xal-AAiajJ* i luuiini 


2394 1 


j 3005 j 


UCUCUCCA A CUACCUCA 


693 


TGAGGTAG GGCTAGtTX At-A/*tJva/\ i\3W4va«*3» 


2395 " ! 


j 3008 


CUCCAACU A CCUCAAGA 


694 


I TCTiTGAGG o\3L. 1 Aw w lJUJUVJun a«i x uunu 


1 2396 1 

1 A m9 mw m9 


j 3017 


CCUCAAGA G CAAACGUG 
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CACGTTTG o«U*Xi*w^XA\**4r».wtjw* iv*i *w«w 


\ 2291 1 


3021 


AAGAGCAA A CGUGACUU 


696 


IaAGTCACG GGCTAGCTACAACGA TTGCTCTT 


2398 


1 3023 


GAGCAAAC G UGACUUAU 


C Q 1 

by / 


lATAAGTCA GGCTAGCTACAACGA GTTTGCTC 


j 2399 j 


1 3026 


j CAAACGUG A CUUAUUUU 


t r n q 

| 698 


IaAAATAAG GGCTAGCTACAACGA CACGTTTG 


1 2400 1 


3030 


1 CGUGACUU A UUUUUUCU 


1 coo 


IaGAAAAAA GGCTAGCTACAACGA AAGTCACG 


j 2401 j 


3041 


1 UUUUCUCA A CAAGGAuG 


I inn 
1 7U0 


ICATCCTTG GGCTAGCTACAACGA TGAGAAAA 


" 2402 } 


3047 


j CAACAAGG A UGCAGCAC 




[gTGCTGCA GGCTAGCTACAACGA CCTTGTTG 


} 2403 


3049 


| ACAAGGAU G CAGCACUA 


702 


ItAGTGCTG GGCTAGCTACAACGA ATCCTTG1 


' 2404 1 


3052 


| AGGAUGCA G CACUACAC 


1 

1 / U J 


[gTGTAGTG GGCTAGCTACAACGA TGCATCCI 


? 2405 j 


3054 


j GAUGCAGC A CUACACAU 


1 704 


IATGTGTAG GGCTAGCTACAACGA GCTGCATC 


! 2406 | 


3057 


1 GCAGCACU A CACAUGGA 


F "7nR 


ItCCATGTG GGCTAGCTACAACGA AGTGCTGK 


? 2407 


3059 


J AGCACUAC A CAUGGAGC 


I 'Ob 


IgCTCCATG GGCTAGCTACAACGA GTAGTGC*] 


F 2408 \ 


3061 


1 " CACUACAC A UGGAGCCU 


S 707 


(AGGCTCCA GGCTAGCTACAACGA GTGTAGTG j 2409 


3066 


1 CACAUGGA G CCUAAGAA 


7 708 


ItTCTTAGG GGCTAGCTACAACGA TCCATGTG 2410 1 


3082 


] AAGAAAAA A UGGAGCCA 


709 


TGGCTCCA GGCTAGCTACAACGA TTTTTCTT 2411 


3087 


1 AAAAUGGA G CCAGGCCU 


710 


lAQQCCTGG GGCTAGCTACAACGA TCCAUTf 


I 1 2412 
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"j GGAGCCAG G CCUGGAAC 
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j GTTCCAGG GGCTAGCTACAACGA CTGGCTC 


C| 2413 | 
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1 GQCCUGGA A CAAGGCAA 


712 


TTGCCTTG GGCTAGCTACAACGA TCCAGGC 


C[ 2414 1 
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| GGAACAAG G CAAGAAAC 


"J 713 


|gTTTCTTG GGCTAGCTACAACGA CTTGTTC 


C| 2415 j 
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j 714 


|aGTCTTGG GGCTAGCTACAACGA TTCTTGC 


C 2416 
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1 715 


jCTATCTAG GGCTAGCTACAACGA CTTGGTT 
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I AAGACUAG A UAGCGUCA 
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ITGACGCTA GGCTAGCTACAACGA CTAGTCT 


'T| 2418 1 
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"I ACUAGAUA G CGUCACCA 
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|tGGTGACG GGCTAGCTACAACGA TATCTAG 


IT 2419 



3127 | UAGAUAGC G UCACCAGC 
3130 ] AUAGCGUC A CCAGCAQC 
3134 I CGUCACCA G CAGCGAAA 



3137 I CACCAGCA G CGAAAGCU 



3143 I CAGCGAAA G CUUUGCGA 
I - — 



3148 1 AAAGCUUU G CGAGCUCC 



721 
722 
723 



|gCTGCTGG GGCTAGCTACAACGA QACGCTAT 2421 
jTTTCGC TQ GGCTAGCTACAACGA TGGTGAOGl 2422 
IaGCTTTCG GGCTAGCTACAACGA TGC TGGTG| 2423 
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3152 I CUUUGCGA G CUCCGGCU 724 



|tCGCAAAG GGCTAGCTACAACGA TTTCGCTG 2424 
IgGAGCTCG GGCTAGCTACAACGA AAAGCTTTI 2425 
AGCCGGAG GGCTAGCTACAACGA TCGCAAAG| 2426 
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3158 GAGCUCCG G CUUUCAGG 



3203 



3254 
3257 



UCAGGAAG A UAAAAGPC 
AQADAA AA G UCUGAGUG 
AAGUCUGA G UGAUGUUG 
UCU GAGUQ A UGUUGAGG 
UGAGUGAU G UUGAGGAA 



ICC TGAAAG GGCTAGCTACAACGA CGGAGCTC 
I GACTTTTA GQCTAGCTACAACGA CTTCCTGA 
I CACTCAGA GGCTAGCTACAACGA TTTTATCT 
IcAACATCA GGCTAGCTACAACGA TCAGACTT 
[CC TCAACA GGCTAGCTACAACGA CACTCAQA 
ItTCCTCAA GGCTAGCTACAACGA ATCACTCA 



AGAGGAGG A UUCUGACG 731 | CGTCAGAA GGCTAGCTACAACGA CCTCCTCT 2433 



^ono 1 flflATHTfrtTG A CGGUUUCU I 732 lAGAAACCQ GGCTAGCTACAACGA CAQAATCC 2434 



UUCUGACG 
CGGUUUCU 
UACAAGQA 
AGGAGCCC 
AGCCCADC 



G UOUCUACA 
A CAAGGAGC 
G CCCAUCAC 
A UCACUAUG 
A CUAUGGAA 



[tgtagaaa 
Igctccttg 
Igtgatggq 

[CATAGTGA 
TTCCATAG 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GG CTAGCTACAACGA 
GGCTAGCTACAACGA 



CGTCAGAA I 
AGAAACCG] 
TCCTTGTA] 
GGGCTCCTj 
GATGGGCTl 



CCAUCACU 
UAUGGAAG 
AAGAUCUG 



A UGGAAGAU 
A UCUGAUUU 
A UUUCUUAC 



|atcttcca 
|aaatcaga" 
gtaagaaa 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



agtgatgg] 
cttccata] 
cagatctt 



A CAGUUUUC 
G UUUUCAAG 
3265 I GUUUUCAA G UGGCCAGA 



GAUUUCUU 
UUCUUACA 



IGAAAACTG 
ICTTGAAAA 
TCTGGCCA 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



AAGAAATC] 
TGTAAGAA 
TTGAAAAC 



UUCAAGUG 
GGCCAGAG 
CCAGAGGC 
GGCAUGGA 
GAGUUCCU 
UCCAGAAA 
CAGAAAGU 
GAAAGUGC 
GUGCAUUC 
UCAUCGGG 
GGGACCUG 
ACOJGGCA 
AGCGAGAA 
CGAQAAAC 
AUUCUUUU 



G CCAGAGGC 
G CAUGGAGC 
A UGGAGUUC 
G UUCCUGUC 
G UCUUCCAG 
G UGCAUOCA 
G CAUUCAUC 
A UUCAUCGG 
A UCGGGACC 
A CCUGGCAG 
G CAGCGAGA 
G CGAGAAAC 
A CAUUCUUU 
A UUCUUUUA 
A UCUGAGAA 



[GCCTCTGG 

Iactccatg 
[gaactcca 
|gacaggaa 

jCTGGAAGA 

Itgaatgca 
[gatgaatq 
[ccgatgaa 
[ggtcccga 

IcTGCCAGG 

[tctcgctg 
[gtttctcg 
|aaagaatg 
[taaaagaa 
Ittctcaga 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



CACTTGAA) 
CTCTGGCCj 
GCCTCTGG I 
TCCATGCCj 
AGGAACTCj 

tttctgga] 

ACTTTCTG] 
GCACTTTC] 

gaatgcac| 

cccgatga 

caggtccc] 

tgccagqt] 

ttctcgct] 

qtttctcg] 

AAAAGAAT 



AUCUGAGA A CAACGUGG 
UGAGAACA A CGUGGUGA 
AGAACAAC G UGGUGAAG 



| ccacgttg 
Itcaccacg 

CTTCACCA 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



TCTCAGAT| 
TGTTCTCAj 
GTTGTTCTl 



3355 | ACAACGUG G UGAAGAUU 
3361 I UGGUGAAG A UUUGUGAU 



|aatcttca 
atcacaaa 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



CACGTTGT| 
CTTCACCA 
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3508 | CUUACGGA G UAUUGCUG 
3510 I UACGGAGU A UUGCUGUG 



| CAGCAATA GGCTAGCTACAACGA TCCGTAAGl 2496 
ICACAGCAA GGCTAGCTACAACGA ACTCCGTa| 249? 



3513 GGAGUAOU G CUGUGGGA 796 



GUAUUGCU G UGGGAAAU 
UGUGGGAA A UCUUCUCC 
CUCCUUAG G UGGGUCUC 



|ATTTCCCA GGCTAGCTACAACGA AGCAATACj 2499 
[gGAGAAGA GGCTAGCTACAACGA TTCCCACA 2500 
IgAGACCCA GGCTAGCTACAACGA CTAAGQAGl 2501 
[tATGGAGA GGCTAGCTACAACGA CCACCTAA 2502" 
IcC TGGGTA GGCTAGCTACAACGA GQAGACCC 2503 
[CT CCTGGG GGCTAGCTACAACGA ATGQAGACl 2504 
1 C ATTTGTA GGCTAGCTACAACGA TCCTGGGTl 2505 
IT CCATTTG GGCTAGCTACAACGA ACTCCTGG 2506 
IcTCATCCA GGCTAGCTACAACGA TTGTACTC| 2507 



3540 ! UUAGG0GG G UCUCCAUA 



3546 ( GGGUCUCC A UACCCAGG 



3548 GUCUCCAU A CCCAGGAG 



ACCCAGGA G UACAAAUG 
CCAGG AGU A CAAAUGGA 
GAGUACAA A UGGAUGAG 



3566 ! ACAAAUGG A UGAGGACU 



806 



3572 i GGAUGAGG A CUUUUGCA 
3578 I GGACUUUU G CAGUCGCC 



iT GCAAAAG GGCTAGCTACAACGA CCTCATCC 2509 
IgGCGACTG GGCTAGCTACAACGA AAAAGTCCj 251? 



3581 CUUUUGCA £ UCGCCUGA 



3584 I UUGCAGUC G CCUGAGGG 



[T CAGGCGA GGCTAGCTACAACGA TGCAAAAGl 2511 
ICCCTCAGQ GGCTAGCTACAACGA GACTGCAAj 2512 



3596 | GAGGQAAG G CAUQAGGA 
3598 I GGGAAGGC A UGAGGAUG 



ITCCTCAT G GGCTAGCTACAACGA CTTCCCTC 2513 
IcATCCTCA GGCTAGCTACAACGA GCCTTCCCj 2514 



3604 GGAUGAGG A UGAGAGCU 813 



3610 GGAUGAGA G CUCCUGAG 



814 



2516 



3618 
3620 



GCUCCUGA G UACUCUAC 
UCCUGAGU A CUCUACUC 



IGAGTAGAG GGCTAGCTACAACGA ACTCAGGAJ2518 



I AfflJACUCU A CUCCUGAA I 817 1TTCAGGAG GGCTAGCTACAACGA AQAGTACT | 2519 



CUCCUGAA A UCUAUCAG j 818 [CTGATAGA GGCTAGCTACAACGA TTCAGGAG 2520 



UGAAAUCU A UCAGAUCA | 819 TGATCTGA GGCTAGCTACAACGA 



3643 UCUAUCAG A UCAUGCUG I 820 [CAGCATGA GGCTAGCTACAACGA CTGATAGA 



3646 AUCAGAUC A UGCUGGAC I 821 IGTCCAGCA GGCTAGCTACAACGA GATCTGAT | 



CAGAUCAU G CUGGACUG I 822 | CAQTCCAG GGCTAGCTACAACGA ATGATCTGl 2524 



3653 CAUGCUGG A CUGCUGGC I 823 jGCCAGCAG GGCTAGCTACAACGA 



GCUGGACU G CUGGCACA 1 824 ITGTGCCAG GGCTAGCTACAACGA AGTCCAGCj 2526 



3660 GACUGCUG G CACAGAGA I 825 |TCTCTGTG GGCTAGCTACAACGA 



3662 I CUGCUGGC A CAGAQACC 1 826 | GGTCTCTG GGCTAGCTACAACGA GCCAGCAG 2528 



ififip I or^Bftfi A CCCAAAAG I 827 |CTTTTGGQ GGCTAGCTACAACGA CTCTGTGC 2529 



3681 1 AAAGAAAG G CCAAGAUU | 828 |AATCTTGG GGCTAGCTACAACGA CTTTCTTT| 2530 
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AGGC CAAG A UUUGCAGA 
CAAGAUUU G CAGAACUU 
UU UGCAGA A CUUGUGGA 
CAGA ACUU G UQGAAAAA 
GUGGAAAA A CUAGGUGA 
AAAACUAG G UGAUUUGC 
ACUAGGUG A UUUGCUUC 
GGUGAUUU G CUUCAAGC 



UGCUUCAA G CAAAUGUA 
UCAAGCAA A UGUACAAC 
AAGCAAAU G UACAACAG 
GCAAAPGU A CAACAGGA 
AAUGUACA A CAGGAUGG 



TCT GCAAA GGCTAGCTACAACGA CTTGGCCTl 2531 
AAGTTCTG GGCTAGCTACAACGA AAATCTTGl 2532 
TCCACAAG GGCTAGCTACAACGA TCTGCAAAl 2533 
TTTTTCCA GGCTAGCTACAACGA AAGTTCTG 1 2534 
TCACCTAG GGCTAGCTACAACGA TTTTCCAC 2535 
GCAAATCA GGCTAGCTACAACGA CTAGaTXTl 253? 
GAAGCAAA GGCTAGCTACAACGA CACCTAGT 2537 
GCTTG AAG GGCTAGCTACAACGA AAATCACCl 2538 
TAC ATTTG GGCTAGCTACAACGA TTGAAGCAl 2539 
GTTGTACA GGCTAGCTACAACGA TTGCTTGAl 2540 
CTGT TGTA GGCTAGCTACAACGA ATTTGCTTl 2541 
TCCTGTTG GGCTAGCTACAACGA ACATTTGC 2542 
CCATCCTG GGCTAGCTACAACGA TGTACATT| 2543 



3743 



ACAACAGG A UGGUAAAG 1 84 2 [cTTTACCA GGCTAGCTACAACGA CCTGTTGT 2544 



3752 | 


UGGUAAAG A CUACAUCC 


844 |C 


SGATGTAG GGCTAGCTACAACGA lti i lAuuftj 




3755 


UAAAGACU A CAUCCCAA j 


845 n 


1TGGGATG GGCrTAGCTACAACXaA. Auiv-i i xaj 




3757 | 


AAGACUAC A UCCCAAUC 


846 k 


5ATTGGGA GGCTAGCTACAACGA GTAGTCTT 


2548 


3763 1 


ACAUCCCA A UCAAUGCC f 


847 |< 


3GCATTGA GGCTAGCTACAACGA TGGGATGT 


2549 


3767 1 


CCCAAUCA A UGCCAUAC 


848 ( 


3TATGGCA GGCTAGCTACAACGA TGATTGGGl 


2550 1 


3769 \ 


CAAUCAAU G CCAUACUG | 


849 |< 


^AGTATGG GGCTAGCTACAACGA ATTGATTG 


2551 | 


3772 I 


UCAAUGCC A UACUGACA j 


850 r 


TQTCAGTA GGCTAGCTACAACGA GGCATTGA 


2552 1 


3774 | 


AAUGCCAU A CUGACAGG 


851 


CCTGTCAG GGCTAGCTACAACGA ATGGCATTj 


2553 1 


3778 


CCAUACUG A CAGGAAAU 1 


852 | 


ATTTCCTG GGCTAGCTACAACGA CAGTATGG 


2554 


3785 


GACAGGAA A UAGUGGGU | 


853 | 


ACCCACTA GGCTAGCTACAACGA TTCCTGTC 


2555 1 


3788 | 


AGGAAAUA G UGGGUUUA j 


\ 

OjI 1 


TAAACCCA GGCTAGCTACAACGA TATTTCCTj 


2556 


3792 | 


AAUAGUGG G UUUACAUA [ 


855 


TATGTAAA GGCTAGCTACAACGA CCACTATT 


2557 j 


3796 


GUGGGUUU A CAUACUCA 


856 


TGAQTATG GGCTAGCTACAACGA AAACCCACj 


2558 


3798 f 


GGGUUUAC A UACUCAAC j 


857 


GTTGAGTA GGCTAGCTACAACGA GTAAACCCl 


2559 


3800 { 


GUUUACAU A CUCAACUC | 


858 


GAGTTGAG GGCTAGCTACAACGA ATGTAAACl 


2560 


3805 


CAUACUCA A CUCCUGCC ] 


859 


GGCAGGAG GGCTAGCTACAACGA TGAGTATG 


2561 1 


3811 1 


CAACUCCU G CCUUCUCU 


860 


AGAGAAGG GGCTAGCTACAACGA AGGAGTTG 


2562 | 


3824 


CUCUGAGG A CUUCUUCA 


861 


TGAAGAAG GGCTAGCTACAACGA CCTCAGAG 


| 2563 1 


3639 


i CAAGGAAA G UAUUUCAG 


i 862 


IcTQAAATA GGCTAGCTACAACGA TTTCCTTG 


j 2564 j 


3841 


! AGGAAAGU A UUUCAGCU 


863 


|aGCTGAAA GGCTAGCTACAACGA ACTTTCCT 


2565 


3847 


GUAUUUCA G CUCCGAAG 


j 864 


j CTTCGGAG GGCTAGCTACAACGA TGAAATAC 


2566 


; 3855 


| GCUCCGAA G UUUAAUUC 


1 865 


IGAATTAAA GGCTAGCTACAACGA TTCGGAGC 


2567 


3860 


| GAAGUUUA A UUCAGGAA 


| 866 


|tTCCTGAA GGCTAGCTACAACGA TAAACTTC 


2568 1 


3869 


t UUCAGGAA G CUCUGAUG 


| 867 


ICATCAGAQ GGCTAGCTACAACGA TTCCTGAfl 


] 2569 j 


3875 


| AAGCUCUG A UGAUGUCA 


868 


|tGACATCA GGCTAGCTACAACGA CAGAGCTT 


' 2570 


1 3878 


1 CUCUGAUG A UGUCAGAU 


869 


IATCTGACA GGCTAGCTACAACGA CATCAGAG 


r| 2571 | 


[ 3880 


1 CUGAUGAU G UCAGAUAU 


j 870 


[ATATCTQA GGCTAGCTACAACGA ATCATCAG 


J 2572 


1 3885 


"j GAUGUCAG A UAUGUAAA 


1 871 


ItTTACATA GGCTAGCTACAACGA CTGACATC 


:| 2573 H 


1 3887 


| UGUCAGAU A UGUAAAUG 


872 


[CATTTACA GGCTAGCTACAACGA ATCTGACA 2574 


3B89 


UCAGAUAU G UAAAUGCU 


873 


[aGCATTTA GGCTAGCTACAACGA ATATCTGAj 2575 


3893 


"J AUAUGUAA A UGCUUUCA 


1 874 


|TGAAAGCA GGCTAGCTACAACGA TTACATAI 


N 2576 


1 3895 


| AUGUAAAU G CUUUCAAG 


875 


|CTTGAAAG GGCTAGCTACAACGA ATTTACA^ 


r) 2577 " 


! 3903 


1 GCUUUCAA G UUCAUGAG 


[ 876 


j CTCATGAA GGCTAGCTACAACGA TTGAAAG( 


:| 2578 


3907 


j UCAAGUUC A UGAGCCUG 


j 877 


j CAGGCTCA GGCTAGCTACAACGA GAACTTGi 


\ 2579 


3911 


j GUUCAUGA G CCUGGAAA 


| 878 


ITTTCCAGG GGCTAGCTACAACGA TCATGAA4 


2\ 2580 


1 3922 


~| UGGAAAGA A UCAAAACC 


879 


|gGTTTTGA GGCTAGCTACAACGA TCTTTCC 


p] 2581 


3928 


j GAAUCAAA A CCUUUGAA 


1 880 _ 


TTCAAAGG GGCTAGCTACAACGA TTTGATT 


C| 2582 
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3939 | 


UUUGAAGA A CUUUUACC 


881 


3GTAAAAG GGCTAGC^AwuUJvjA luAAitj 


*DOO & 


3945 


GAACUUUU A CCGAAUGC 


882 ( 


3CATTCGG G G CTAGC l ACAACGA AAAAUJ.ll*| 


OCOA 1 

z D a ft | 


3950 1 


UUUACCGA A UGCCACCU 


883 1 


\GGTGGCA GGCTAGCTACAACGA TCGGTAAR| 


/DOS 1 


3952 


UACCGAAU G CCACCUCC 


884 ( 


3GAGGTGG GGCTAGCTACAACGA ATTCGGTA) 


25ob | 


3955 f 


CGAAUGCC A CCUCCAUG 


885 < 


CATGQAGG GGCTAGCTACAACGA GGCATTCGj 


2bO r 1 


3961 


CCACCUCC A UGUUUGAU 


886 


ATCAAACA GGCTAGCTACAACGA GQAGQTQQ| 


oca q 
Zboo | 


3963 J 


ACCUCCAU G UUUGAUGA 


887 


TCATCAAA GGCTAGCTACAACGA ATGQAGGTj 




| 3968 


CAUGUUUG A UGACUACC 


888 


GGTAGTCA GGCTAGCTACAACGA CAAACATGj 


icon 
259U 


3971 


GUUUGAUG A CUACCAGG 


889 


CCTGGTAG GGCTAGCTACAACGA CATCAAAC| 


*s cm 
2591 


3974 


UGAUGACU A CCAGGGCG 


890 j 


CGCOCTGG GGCTAGCTACAACGA AGTCATCA| 


2592 


| 3980 ( 


CUACCAGG G CGACAGCA 


891 


TGCTGTCG GGCTAGCTACAACGA CCTGGTAG | 


2593 


3983 


CCAGGGCG A CAGCAGCA 


892 


TGCTGCTG GGCTAGCTACAACGA CGCCCTGG 1 


2594 


3986 


! GGGCGACA G CAGCACDC 


893 


GAGTGCTG GGCTAGCTACAACGA TGTCGCCC 


or nC 

2595 


3989 


CGACAGCA G CACUCUGU 


894 


ACAGAGTG GGCTAGCTACAACGA TGCTGTCG 


2596 


3991 


1 ACAGCAGC A CUOJGUUG 


895 


IcAACAGAG GGCTAGCTACAACGA GCTGCTGT 


2597 


| 3996 


| AGCACUCU G UUGGCCUC 


896 


[gaGGCCAA GGCTAGCTACAACGA AGAGTGCT 


2598 


1 4000 


I CUCUGUUG G CCUCUCCC 


897 


[GGGAGAGG GGCTAGCTACAACGA CAACAGAQ 


2599 


1 4009 


| CCUCUCCC A UGCUGAAG 


j 898 


IcTTCAGCA GGCTAGCTACAACGA GGGAGAGG 


j 2600 


1 4011 


I UCUCCCAU G CUGAAGCG 


899 


1 CGCTTCAG GGCTAGCTACAACGA ATGGGAGA 


j 2601 


| 4017 


j AUGCUGAA G OGCUUCAC 


1 900 


IgTGAAGCG GGCTAGCTACAACGA TTCAGCAT 


2602 


4019 


1 GCUGAAGC G CUUCACCU 


| 901 


IAGGTGAAG GGCTAGCTACAACGA GCTTCAGC 


:| 2603 


1 4024 


1 AGCGCUUC A CCUGGACU 


902 


JaGTCCAGG GGCTAGCTACAACGA GAAGCGCT 


\ 2604 


| 4030 


1 UCACCUGG A CUGACAGC 


903 


IGCTGTCAG GGCTAGCTACAACGA CCAGGTGJ 


\ 2605 


4034 


I CUGGACUG A CAGCAAAC 


{ 904 


IGTTTGCTG GGCTAGCTACAACGA CAGTCCAG 


l| 2606 . 



4037 



GACUGACA G CAAACCCA 1 905 |tGGGTTTG GGCTAGCTACAACGA TGTCAGTC 2607 



4041 



GACAGCAA A CCCAAGGC 1 906 |GCCTTGGG GGCTAGCTACAACGA TTGCTGTC| 2608 



4048 



AACCCAAG G CCUCGCUC 1 907 jGAGCGAGG GGCTAGCTACAACGA CTTGGGTT| 2609 



4053 I AAGGCCUC G CUCAAGAU 



908 



I aTCTTGAG GGCTAGCTACAACGA GAGGCCTT 2610 
ICAAGTCAA GGCTAGCTACAACGA CTTGAQCG| 2611 



4060 CGCUCAAG A UUGACUUG | 909 



4064 



CAAGAUUG A CQUGAQAG 1 910 ' [CTCTCAAG GGCTAGCTACAACGA CAATCTTG| 2612 



| 4072 


ACUUGAGA G UAACCAGU j 


911 [ 


kCTGGTTA GGCTAGCTACAACGA TCTCAAGT 


2613 


4075 


UGAGAGUA A CCAGUAAA 


912 1 


rTTACTGG GGCTAGCTACAACGA TACTCTCA 


2614 


| 4079 1 


AGUAACCA G UAAAAGUA | 


913 1 


TACTTTTA GGCTAGCTACAACGA TGGTTACT 


2615 


[ 4085 | 


CAGUAAAA G UAAGGAGU 


914 j 


ACTCCTTA GGCTAGCTACAACGA TTTTACTG 


2616 


1 4092 | 


AGUAAGGA G UCGGGGCU 


915 j 


AGCCCCGA GGCTAGCTACAACGA TCCTTACT 


2617 


4098 


GAGUCGGG G CUGUCUGA 


916 


TCAGACAG GGCTAGCTACAACGA CCCGACTCl 


2618 


j 4101 j 


UCGGGGCU G UCUGAUGU | 


917 


ACATCAGA GGCTAGCTACAACGA AGCCCCGA 


2619 


4106 ! 


GCUGUCUG A UGUCAGCA 


91B | 


TGCTGACA GGCTAGCTACAACGA CAGACAGC 


2620 


4108 


UGUCUGAU G UCAGCAGG | 


919 j 


CCTGCTGA GGCTAGCTACAACGA ATCAGACAl 


2621 


4112 


UGAUGUCA G CAGGCCCA 


920 | 


TGGGCCTG GGCTAGCTACAACGA TGACATCA 


2622 


4116 


GUCAGCAG G CCCAGUUU 1 


921 


AAACTGGG GGCTAGCTACAACGA CTGCTGAC 


2623 


4121 


CAGGCCCA G UUUCUGCC 


922 1 


GGCAGAAA GGCTAGCTACAACGA TGGGCCTG 


2624 


| 4127 


CAGUUUCU G CCAUUCCA 


923 


TGGAATGG GGCTAGCTACAACGA AGAAACTG 


| 2625 


4130 


UUUCUGCC A UUCCAGCU 


| 924 


|aGCTGGAA GGCTAGCTACAACGA GGCAGAAA 


| 2626 


I 4136 


J CCAUUCCA G CUGUGGGC 


| 925 


IGCCCACAG GGCTAGCTACAACGA TGGAATGG 


2627 


| 4139 


I UUCCAGCU G UGGGCACG 


| 926 


j CGTGCCCA GGCTAGCTACAACGA AGCTGGAA 


1 2628 


j 4143 


| AGCUGUGG G CACGUCAG 


1 927 


jcTGACGTG GGCTAGCTACAACGA CCACAGCT 


I 2629' 


j 4145 


j CUGUGGGC A CGUCAGCG 


| 928 


jcGCTGACG GGCTAGCTACAACGA GCCCACAG 


j 2630 


1 4147 


I GUGGGCAC G UCAGCGAA 


I 929 


ITTCGCTGA GGCTAGCTACAACGA GTGCCCAC 


2631 


j 4151 


| GCACGUCA G CGAAGGCA 


930 


ITGCCTTCG GGCTAGCTACAACGA TGACGTGC 


1 2632 


4157 


| CAGCGAAG G CAAGCGCA 


j 931 


[tGCGCTTG GGCTAGCTACAACGA CTTCGCTG 


r 2633 


1 4161 


| GAAGGCAA G CGCAGGUU 


932 


AACCTGCG GGCTAGCTACAACGA TTGCCTTC 


!| 2634 
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4163 


AGGCAAGC G CAUUUULA J 


QOQ IT) 


3AACCTG GGCTAGCTACAACGA GCTTGCCTl 2635 


4167 


AAGCGCAG G UUCACCUA 1 




RGGTGAA GGCTAGCTACAACGA CTGCGCTTl 2636 1 


4171 


GCAGGUUC A CCUACGAu | 


QIC 1(3 


TCGTAGG GGCTAGCTACAACGA GAACCTGCj 2637 j 


4175 


GUUCACCU A CGACCACG | 




GTGGTCQ GGCTAGCTACAACGA AGGTGAAcl 2638 


4178 


CACCUACG A CCACGuUu 1 


3J / I** 


AGCGTGG GGCTAGCTACAACGA CGTAGGTGj 2639 


4181 


CUACGACC A CGCUGAGC j 


y jo lis 


CTCAGCG GGCTAGCTACAACGA GGTCGTAqI 2640 1 


i 4183 


ACGACCAC G CUGAGCUG j 


Q1 Q If 


AGCTCAG GGCTAGCTACAACGA GTGGTCGT 2641 


| 4188 


w ^ta^M ^MW^Wk A*r&WA*t)^^ *t Tl. ^\ I 

CACGCUGA G CUGGAAAG | 


q An 1 r 
y*u j v. 


ITTTCCAG GGCTAGCTACAACGA TCAGCGTGl 2642 | 


| 4201 


AAAGGAAA A UCGCGOGC | 


QA1 If 


H2ACGCGA GGCTAGCTACAACGA TTTCCTTtI 2643 ] 


| 4204 


GGAAAAUC G CGUGCUGC | 


oao If 


,CAGCACG GGCTAGCTACAACGA GATTTTCC 2644 


1 4206 | 


AAAAUCGC G uGCUGCUC | 


oA*a If 


SAGCAGCA GGCTAGCTACAACGA GCGATTTT 2645 1 


4208 


AAUCGCGU G CuGCUCCC J 


OA A If 


3GGAGCAG GGCTAGCTACAACGA ACGCGATTl 2646 


1 4211 J 


CGCGUGCU G CUCCCCGC | 


y 4r» iv 


3CGGGGAG GGCTAGCTACAACGA AGCACGCGI 2647 j 


I 4218 


UGCUCCCC G CCCCCAGA | 




rCTGGGGG GGCTAGCTACAACGA GGGGAGCAl 2648 1 


1 4226 1 


GCCCCCAG A CUACAACU j 


94 / h 


W3TTGTAG GGCTAGCTACAACGA CTGGGGGCl 


2649 ; 


1 4229 1 


CCCAGACU A CAACUCGG | 


948 J 


CCGAGTTG GGCTAGCTACAACGA AGTCTGGGl 


2650 | 


| 4232 1 


AGACUACA A CU^BbUUi] 




CCACCQAG GGCTAGCTACAACGA TGTAGTCTj 


2651 | 


| 4237 j 


ACAACUCG G UGGUCCUG [ 


□ C A 1 


CAGGACCA GGCTAGCTACAACGA CGAGTTGTl 


2652 j 


4240 | 


ACUCGGUG G UCCUGUAC | 


oci I 


GTACAGGA GGCTAGCTACAACGA CACCGAGT | 




4245 j 


GUGGUCCU G UACuCCAC | 


oc 0 | 


GTGGAGTA GGCTAGCTACAACGA AGGACCACI 


26d4 


| 4247 j 


GGUCCUGU A CUCCACCC | 


y d j 


GGGTGGAG GGCTAGCTACAACGA ACAGGACC| 


2bbD 


1 4252 | 


UGUACUCC A CCCCACCC | 


yi>4 


GGGTGGGG GGCTAGCTACAACGA GGAGTACA| 




j 4257 | 


UCCACCCC A CCCAUCuA 


QCC ■ 

y bb 


TAGATGGG GGCTAGCTACAACGA GGGGTGGA| 




j 4261 [ 


CCCCACCC A UCuAGAGu 


QCC 

ybo 


ACTCTAGA GGCTAGCTACAACGA GGGTGGGG j 


2obo 


| 4268 | 


CAUCUAGA G UUUGACAu 


OCT 

yp / 


GTGTCAAA GGCTAGCTACAACGA TCTABAfG) 




r~4273~n 


AGAGuUUG A CALuAAuL 


73 O 


GCTTCGTG GGCTAGCTACAACGA CAAACTl^Xj 


zoou 


| 4275 


AGUUUGAC A CUAAbLtu 




AGGCTTCG GGCTAGCTACAACGA GTCAAACTl 


2661 


1 AO q n 
\ 4ZoU 


CAP&PR7VA G CCUUAUUU 


960 


|aAATAAGG GGCTAGCTACAACGA TTCGTGTC 


2662 


| 4285 


GAAGCCUU A UUutUAuft 


I Qfil 
1 


ItCTAGAAA GGCTAGCTACAACGA AAGGCTTCl 


2663 


| 4295 


Tftf/wY%/iik t\ ^T ^^TV fTT^A TT^^TTf*^ 




ICACATGTG GGCTAGCTACAACGA TTCTAGAAI 


2664 


| 4297 


1 CUAGAAGC A CAUv^UvjUA 


1 Ofi^ 

I 7UJ 


ItACACATG GGCTAGCTACAACGA GCTTCTAG 


2665 


| 4299 


1 AGAAGCAC A UbUbUAUU 


1 QfiA 


IaATACACA GGCTAGCTACAACGA GTGCTTCT 


2666 


| 4301 


1 iv TV/^^nf^TVTT ^* ITfUTTTATTTTITJX 


! 


1 T AAATACA GGCTAGCTACAACGA ATGTGCTT 


2667 


I 4303 


1 f^fiTV /~»1vtt/TTT IT7VTTTTTT7ATTH 
1 GUACAUGU *J U-fWJ U UriU/V 




|tATAAATA GGCTAGCTACAACGA ACATGTGC 


: 2668 


4305 


l| AvJAU bUliU A UUUAUaUO 


i 967 


IGGTATAAA GGCTAGCTACAACGA ACACATGT 


2669 1 


\ 4309 


[ i^Ttr»iTivTn'Tf i 7a invr i r i r , f r*7\ 

| oUGUAUUU A UKULL^Ui 


f 96ft 
j y 00 


ItGGGGGTA GGCTAGCTACAACGA AAATACAC 


| 2670 j 


4311 


1 GUAUUUAU A LLttUttw 


§ QfiQ 


IcCTGGGGG GGCTAGCTACAACGA ATAAATAC 


2671 


j 4322 


1 nnnit nnnfi TV /^TTlVfTtOI Mill 

CCCAGGAA A UUAW-Uuu 




lAAAGCTAG GGCTAGCTACAACGA TTCCTGGG 


| 2672 j 


4326 


1 GGAAAUUA u LUUUUu^v, 


1 971 


IgGCAAAAQ GGCTAGCTACAACGA TAGTTTCC 


2673 


| 4332 


1 UAGCUUUU G UwibUAUU 


1 7 / £ 


[aATACTGQ GGCTAGCTACAACGA AAAAGCTA 


| 2674 


! 4336 


j UTJUUGCCA G UAUUAUGC 


1 973 


IGCATAATA GGCTAGCTACAACGA TGGCAAAA 


1 2675 


4338 


j UUGCCAGU A UUAUGCAU 


974 


JATGCATAA GGCTAGCTACAACGA ACTGGCAA 


J 2676 


| 4341 


1 CCAGUAUU A UGCAUAUA 


975 


[TATATGCA GGCTAGCTACAACGA AATACTGG 


l| 2677 | 


4343 


j AGUAUUAU G CAUAUAUA 


| 976 


ITATATATG GGCTAGCTACAACGA ATAATACI 


\ 2678 


4345 


I UAUUAUGC A UAUAUAAG 


977 


j CTTATATA GGCTAGCTACAACGA GCATAAT7 


J 2679 


1 4347 


| UUAUGCAU A UAUAAGUU 


978 


|aACTTATA GGCTAGCTACAACGA ATGCATAJ 


\\ 2680 j 


| 4349 


| AUGCAUAU A UAAGUUUA 


j 979 


ITAAACTTA GGCTAGCTACAACGA ATATGCA"] 


C 2681 ' 1 


4353 


j AUAUAUAA G UUUACACC 


j 9B0 


IGGTGTAAA GGCTAGCTACAACGA TTATATA3 


CI 2682 


4357 


| AUAAGUUU A CACCUUOA 


981 


jTAAAGGTG GGCTAGCTACAACGA AAACT^i'A' 


r| 2683 


1 4359 


] AAGUUUAC A CCUUUAUC 


982 


(GATAAAGG GGCTAGCTACAACGA GTAAACT' 


r| 2684 


4365 


ACACCUUU A UCUUUCCA 


1 983 


ItGGAAAGA GGCTAGCTACAACGA AAAGGTG' 


r| 2685 


j 4373 


j AUCUUUCC A UGGGAGCC 


j 984 


IgGCTCCCA GGCTAGCTACAACGA GGAAAGA! 


r| 2686 
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4379 1 


CCAUGGGA G CCAGCUGC j 


985 | 


GCAGCTGG GGCTAGCTACAACGA TCCCATGGl 


2687 


43B3 | 


GGGAGCCA G CUGCUUUU j 


986 


AAAAGCAG GGCTAGCTACAACGA TGGCTCCCl 


2688 


4386 


AGCCAGCU G CUUUUUGU | 


987 | 


ACAAAAAG GGCTAGCTACAACGA AGCTGGCT 


2689 


4393 


UGCUUOUU G UGAUOUUU j 


988 


AAAAATCA GGCTAGCTACAACGA AAAAAGCA 


2690 


4396 


UUUUUGUG A UUUUUUUA 


989 ! 


TAAAAAAA GGCTAGCTACAACGA CACAAAAA 


2691 


4405 ' 


UUUUUUUA A UAGUGCUU 


990 


AAGCACTA GGCTAGCTACAACGA TAAAAAAA 


2692 . 


4408 


| UUUUAAUA G UGCUUUUU 


991 


[AAAAAGCA GGCTAGCTACAACGA TATTAAAA 


| 2693 


4410 


1 UUAAUAGU G CUUUUUUU 


| 992 


[aAAAAAAG GGCTAGCTACAACGA ACTATTAA 


| 2694 


4424 


1 UUUUUUUG A CUAACAAG 


| 993 


1CTTGTTAG GGCTAGCTACAACGA CAAAAAAA 


2695 



4428 



rOACUA A CAAGAAUG I 994 |CATTCTTQ GGCTAGCTACAACGA TAGTCAAAj 2696 



4434 1 UAACAAGA A UGUAACUC 1 995 |QAGTTACA GGCTAGCTACAACGA TCTTGTTA 2697 



4436 ACAAGAAU G UAACUCCA I 996 |TGGAGTTA GGCTAGCTACAACGA ATTCTTGT| 2698 



4439 j AG AAUGUA A CUCCAGAU | 997 [ATCTGGAG GGCTAGCTACAACGA TACATTCT 2699 
4446 1 AACUCCAG A UAGAGAAA | 998 (TTTCTCTA GGCTAGCTACAACGA CTGGAGTT 2700 



4454 
4457 
4460 



AUAGAGAA A UAGUGACA j 999 
GAGAAAUA G UGACAAGU lOOo" 
AAAUAGUG A CAAGUGAA I 1001 



[TGTCACTA GGCTAGCTACAACGA TTCTCTAT 2701 
lACTTQTCA GGCTAGCTACAACGA TATTTCTC 2702 
TTCACTTG GGCTAGCTACAACGA CACTATTT 2703 



4464 I AGUGACAA G UGAAGAAC 1002 
4471 AGUGAAGA A CACOACUG I 1003 



4490 



[G TTCTTCA GGCTAGCTACAACGA TTGTCACT 2704 
IcAGTAGTG GGCTAGCTACAACGA TCTTCACT 2705 



4473 j UGAAGAAC A CUACUGCU j 1004 lAGCAGTAQ GGCTAGCTACAACGA GTTCTTCA 2706 
4476 1 AGAACACU A CUQCUAAA | 1005 TTTAGCAG GGCTAGCTACAACGA AGTGTTCT 2707 
4479 ACACUACU G CUAAAUCC 1006 |gGATTTAG GGCTAGCTACAACGA AGTAGTGT| 2708 



4484 ACUGCUAA A UCCUCAUG I 1007 [CATGAGGA GGCTAGCTACAACGA TTAGCAGT| 2709 



AAAUCCUC A UGUUACUC 



1008 



4492 | AUCCUCAU G UUACUCAG I 1009 
4495 I CUCAUGUU A CUCAGUGU I 1010 



|GAGTAACA GGCTAGCTACAACGA GAGGATTT 2710 
IcTGAG TAA GGCTAGCTACAACGA ATGAGGATl 2711 
ACACTGAG GGCTAGCTACAACGA AACATGAG 2712 



4 500 | GUUACUCA G UGUUAGAG I 1011 
4502 I " UACUCAGU G UUAGAGAA I 1012 



| CTCTAACA GGCTAGCTACAACGA TGAQTAAC 2713 
ITTCTCTAA GG CTAGCTACAACGA ACTGAGTA| 2714 
IAGGAAGGA GGCTAGCTACAACGA TTCTCTAA| 27li" 



4511 | UUAGAGAA A UCCUUCCU 1013 



4522 CUUCCUAA A CCCAAUGA | 1014 iTCATTGGG GGCTAGCTACAACGA TTAGGAAG 2716 



1 4527 


UAAACCCA A UGACUUCC | 


1015 | 


GGAAGTCA GGCTAGCTACAACGA TGGGTTTA 


2717 | 


4530 


ACCCAAUG A CUUCCCUG T 


1016 j 


CAGGGAAG GGCTAGCTACAACGA CATTGGGT 


2718 j 


j 4536 j 


ACUUCCCU G CUCCAACC | 


1017 


GGTTGGAG GGCTAGCTACAACGA AGGGAAGT 


2719 J 


j 4544 | 


CUGCUCCA A CCCCCGCC | 


1018 j 


GGCGGGGG GGCTAGCTACAACGA TGGAGCAG 


2720 


j 4550 1 


CAACCCCC G CCACCUCA | 


1019 j 


TGAGGTGG GGCTAGCTACAACGA GGGGGTTGj 


2721 


[ 4553 1 


CCCCCGCC A CCUCAGGG | 


1020 


CCCTGAGG GGCTAGCTACAACGA GGCGGGGG 


2722 ] 


j 4561 ] 


ACCUCAGG G CACGCAGG 


1021 | 


CCTGCGTG GGCTAGCTACAACGA CCTGAGGT 


2723 


4563 


CUCAGGGC A CGCAGGAC j 


1022 


GTCCTGCG GGCTAGCTACAACGA GCCCTGAGl 


2724 


1 4565 j 


CAGGGCAC G CAGGACCA | 


1023 


TGGTCCTG GGCTAGCTACAACGA GTGCCCTG| 


2725 


1 4570 j 


CACGCAGG A CCAGUUUG i 


1024 


CAAACTGG GGCTAGCTACAACGA CCTGCGTG 


2726 j 


j 4574 


, CAGGACCA G UUUGAUUG 


1025 


CAATCAAA GGCTAGCTACAACGA TGGTCCTG 


2727 j 


4579 


CCAGUUUG A UUGAGGAG 


« 1026 


CTCCTCAA GGCTAGCTACAACGA CAAACTGG 


2728 


4587 


| AUUGAGGA G CUGCACUG 


1027 


CAGTGCAG GGCTAGCTACAACGA TCCTCAAT 


1 2729 


| 4590 


[ GAGGAGCU G CACUGAUC 


1028 


GATCAGTG GGCTAGCTACAACGA AGCTCCTC 


| 2730 


4592 


1 GGAGCUGC A CUGAUCAC 


[ 1029 


GTGATCAG GGCTAGCTACAACGA GCAGCTCC 


1 2731 


1 4596 


j CUGCACUG A UCACCCAA 


1030 


TTGGGTGA GGCTAGCTACAACGA CAGTGCAG 


1 2732 


j 4599 


1 CACUGAUC A CCCAAUGC 


j 1031 


GCATTGGG GGCTAGCTACAACGA GATCAGTG 


2733 ' 


[ 4604 


j ADCACCCA A UGCAUCAC 


| 1032 


GTGATGCA GGCTAGCTACAACGA TGGGTGAT 


2734 


I 4606 


j CACCCAAU G CAUCACGU 


1033 


ACGTGATG GGCTAGCTACAACGA ATTGGGTG 


2735 


4608 


| CCCAAUGC A UCACGUAC 


1034 


GTACGTGA GGCTAGCTACAACGA GCATTGGG 


1 2736 


j 4611 


j AAUGCAUC A CGUACCCC 


j 1035 


GGGGTACG GGCTAGCTACAACGA GATGCATT 


1 2737 


4613 


1 UGCAUCAC G UACCCCAC 


1 1036 


GTGGGGTA GGCTAGCTACAACGA GTGATGCA 


\ 2738 
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GAUCACGU A CCCCACUG^ 
CGUACCCC A CUGGGCCA 
CC CACUGG G CCAGCCCU 
CUGGGCCA G CCCUGCAG 



CCAGCCCU G CAGCCCAA 
GCCC UGCA G CCCAAAAC 
AGCCCAAA A CCCAGGGC 



AACCCAGG G CAACAAGC 
CCAGGGCA A CAAGCCCG 
GGCAACAA G CCCGUUAG 



4662 



GCCCGUUA G CCCCAGGG | 1048 
CCCAGGGG A UCACUGGC 1049 
AGGGGAUC A CTGGOJGG 1 1050 



C AGTGGGG GGCTAGCTACAACGA ACGTGATGl 2739 
TG6CCCAG GGCTAGCTACAACGA GGGGTACQl 2740 
AGGGCTGG GGCTAGCTACAACGA CCAGTGQgI 2741 
CTGCAGGG GGCTAGCTACAACGA TGGCCCRg| 2742 



TTGGGCTG 
GTTTTGGG 
GCCCTGGG 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



AGGGCTGG | 
TGCAGGGCl 
TTTGGGCTI 



GCTTGTTG 
CGGGCTTG 
CTAACGGG 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



CCTGGGTTj 
TGCCCTGQ| 
TTGTTGCC 



ACAAGCCC G UUAGCCCC 1 1047 ' GGGGCTAA GGCTAGCTACAACGA GGGCTTGT 2749 



CCCTGGGG GGCTAGCTACAACGA TAACGGGCI 2750 
GCCAG TGA GGCTAGCTACAACGA CCCCTGGG 2751 
CCAGCCAG GGCTAGCTACAACGA GATCCCCT| 2752 



GAUCACUG G CUGGCCUG 1051 



ACUGGCUG G CCUGAGCA 
UGGCCUGA G CAACAUCU 
CC UGAGCA A CAUCUCGG 
UGAGCAAC A UCUCGGGA 



ItGCTCAGG GGCTAGCTACAACGA CAGCCAGTI 27S4 
IaGATG TTG GGCTAGCTACAACGA TCAGGCCAI 2755 
IcC GAGATG GGCTAGCTACAACGA TQCTCAGG 2756 
ITCCCGAGA GGCTAGCTACAACGA GTTGCTCA] 2757 



4707 
4715 



UCU CGGGA G UCCUCUAG | 1056 
GUCCUCUA G CAGGCCUA Tl057 



|CTAGAGGA GGCTAGCTACAACGA TCCCGAGA 2758 
ItAGGCCTG GGCTAGCTACAACGA TAGAGGAC] 2759 



4719 UCUAGCAG G CCUAAGAC I 1058 |GTCTTAGG GGCTAGCTACAACGA 



A79fi 1 nnrrOAAG A CAUGUGAG I 1059 ICTCACATG GGCTAGCTACAACGA CTTAGGCC 2761 



472B 1 CCUAAGAC A UGUGAGGA 1 1060 iTCCTCACA GGCTAGCTACAACGA GTCTTAGQ 2762 



UAAGACAU G UGAGGAGG 
GAAAAAAA G CAAAAAGC 
AGCAAAAA G CAAGGGAG 



icctcctca 
|gctttttg 

tCTCCCTTG 



G GCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



ATGTCTTA] 
TTTT TTTCj 
TTTTTGCTj 



AAAGAGAA A CCGGGAGA 1064 |TCTCCCGG GGCTAGCTACAACGA TTCTCTTT 2766 



GGGAGAAG G CAUGAGAA 
GAGAAGGC A UGAGAAAG 
GAGAAAGA A UUUGAGAC 
AAUUUGAG A CGCACCAU 



ITTCTCATG 
| CTTTCTCA 
IGTCTCAAA 
ATGGTGCG 



G GCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



CTTCTCCC| 
GCCTTCTC] 
TCTTTCTC| 

ctcaaattI 



UUUGAGAC G CACCAUGU 
UGAGACGC A CCAUGUGG 
GACGCACC A UGUGGGCA 
CGCACCAU G UGGGCACG 
CCAUGUGG G CACGGAGG 



Iacatggtg 
iccacatgg 
|tgcccaca 
cgtgccca 
[cctccgtg 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
G GCTAGCTACAACGA 
GGCTAGCTACAACGA 



GTCTCAAA] 

GCQTCTCA 

GGTGCGTCj 

ATGGTGCG] 

CCACATGG 



4822 AUGUGGGC A CGGAGGGG | 1074 1CCCCTCCG GGCTAGCTACAACGA 



GGAGGGGG A 
GGGACGGG G 
GGGGCUCA G 
GCUCAGCA A 
UCAGCAAU G 
QCAAUGCC A 
CCAUUUCA G 



CGGGGCUC 
CUCAGCAA 
CAAUGCCA 
UGCCAUUU 
CCAUUUCA 
UUUCAGUQ 
UGGCUUCC 



IGAGCCCCG 
TTGCTGAG 
[TGGCATTG 

[aaatqgca 
tgaaatgq 
cactgaaa 
ggaagcca 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



CCCCCTCC| 
CCCGTCCC| 
TGAGCCCCI 
TQCTGAGC] 

attgctga] 

GGCATTGC] 
TGAAATGG 



4859 UUUCAGUG G CUUCCCAG | 1082 [CTGGGAAG GGCTAGCTACAACGA 



Jii^ GCUUCCCA G CUCUGACC I 1083 lOGTCAGAG GGCTAGCTACAACGA TGGGAAGC 2785 



1873 CAGCUCUG A CCCUUCUA j 1084 |TAGAAGGG GGCTAGCTACAACGA CAGAGCTG 2786 



48B1 ACCCUUCU A CAUUUGAG 1085 [CTCAAATG GGCTAGCTACAACGA 



4883 CCUUCUAC A TJUUGAGGG 1 1086 ICCCTCAAA GGCTAGCTACAACGA GTAQAAGG 27BB 



4891 



AUUUGAGG G CCCAGCCA I 1087 TGGCTGGG GGCTAGCTACAACGA 



4896 



AGGGCCCA G CCAGGAGC I 1088 GCTCCTGG GGCTAGCTACAACGA TGGGCCCTj 2790 
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4903 



AGCCAGGA G CAGAUQGA 1 1089 ItCCATCTQ GG CTAGCTACAACQA TCCTGGCTl 2791 



4907 | AGQAGCAG A UGGACAGC 
4911 1 GCAGAUGG A CAGCGAUG 
4914 I GAUGGACA G CGAUGAGG 



4917 f GGACAGCG A UGAGGGGA 



4925 I AUGAGGGG A CAJJUUUCU 



4927 | GAGG GGAC A UUUUCUGG 

4936 1 UUUUCUGG A UUCUGGGA 

4 946 I UCUGGGAG G CAAGAAAA 

4957 AGAAAAGG A CAAAUAUC 



1090 [GCTGTCCA GGCTAGCTACAACGA CTGCTCCTl 2792 
C ATCGCTG GGCTAGCTACAACGA CCATCTOC 2793 
I CCTCATCG GGCTAGCTACAACGA TGTCCATC 2794 
"£093 TCCCCTCA GGCTAGCTACAACGA CQCTGTCC 2795 
109 4 IaQAAAATG GGCTAGCTACAACGA CCCCTCATl 2796 
C CAGAAAA GGCTAGCTACAACGA GTCCCCTC 2797 
I TCCCAGAA GGCTAGCTACAACGA CCAGAAAA 2798 
Yo^j I' lT m.Tl 'G GGCTAGCTACAACGA CTCCCAGA| 2799 
"JJii IgATATTTG GG CTAGCTACAACGA CCTTTTCT 



4961 j A AGGACAA A UAUCUUUU 1099 
"ggacaaau A UCUUUUUU [ 1100 
UUUUUGGA A CUAAAGCA I 1101 



IaAAAGATA GGCTAGCTACAACGA TTGTCCTTl 



2800 
2801 



4963 
4975 



"gaacuaaa G CAAAUUUU 1 1102 

" uAAAGCAA A UUUUAGAC | 1103 

AAU UUUAG A CCUUUACC 1 1104 

4998 I AGACCUUU A CCOAUGGA | 110? 

5002 C UUUACCU A UGGAAGUG 1 HQS 

5008 CUAUGGAA G UGGUUCUA | 1107 



2802 
2803 
2804 



IaAAAAAGA GGCTAGCTACAACGA ATTTGTCC 
I TGCTTTAG GGCTAGCTACAACGA TCCAAAAA 
lAA AATTTG GGCTAGCTACAACGA TTTAGTTC 
IgTCTAAAA GGCTAGCTACAACGA TTGCTTTAI 2805 
IgGTAAAGG GGCTAGCTACAACGA CTAAAATT 
ITC CATAGG GGCTAGCTACAACGA AAAGGTCT 
CACTTCCA GGCTAGCTACAACGA AGGTAAAG 



2806 
2807 
2808 



ItAGAACCA GGCTAGCTACAACGA TTCCATAG| 



5011 1 UGGAA GUG G UUCUAUGU 1108 
"GUGGUUCU A UGUCCAUU 1109 
GGUUCUAU G UCCAUUCU | 1110 



5016 
5018 



[aCATAGAA GGCTAGCTACAACGA CACTTCCA 
IaATGGACA GGCTAGCTACAACGA AGAACCAC 



2809 
2810 
2811 



lAGAATGGA GGCTAGCTACAACGA ATAGAACC 2812 



5022 



rTTMTfllTCg A UUCUCAUU 1111 AATGAGAA GGCTAGCTACAACGA GGACATAG 



5028 CCAUUCUC A UUCGUGGC 



5032 [ UCUCAUUC G UGGCAUGU 
5035 I CAUUCGUG G CAUGUUUU 



1112 
1113 
1114 



2813 

IgCCACGAA GGCTAGCTACAACGA GAGAATGGl 2814 
[aCATG CCA GGCTAGCTACAACGA GAATGAGAj 2815 
IaAAACATG GGCTAGCTACAACGA CACGAATG 2816 



5037 1 UU CGUGGC A UGUUUUGA 
5039 1 CGUGGCAU G UUUUGAUU 
5045 1 "^AUGUUUUG A UUUGUAGC 
5049 UUUGAUUU G UAGCACUG 
5052 | GAUUUGUA G CACUGAGG 
5054 I UUUGUAGC A CUGAGGGU 



1115 
1116^ 
1117 
1118 
1119 
1120 
1121 



5061 I CACUGAGG G UGGCACUC 
5064 UGAGGGUG G CACUCAAC ] 1122 



5066 [ AGGGUGGC A CUCAACUC 
5071 I GGCACUCA A CUCUGAGC 



5078 j AACUCUQA G CCCAUACU 
5082 I CUGAGCCC A UACUUUUG 



1123 
1124 
1125 
1126 



TCAA AACA GGCTAGCTACAACGA GCCACGAAl 2817 
AATCAAAA GGCTAGCTACAACGA ATGCCACGl 2818 
GCTACAAA GGCTAGCTACAACGA CAAAACATl 2819 
CAGTGCTA GGCTAGCTACAACGA AAATCAAAj 2820 
CC TCAGTG GGCTAGCTACAACGA TACAAATCl 2821 
IaCCCTCAG G GCTAGCTACAACGA GCTACAAA | 2822 

— - - - 2B23 

2824 
2825 
2826 
2827 
2828 



IGAGTGCCA GGCTAGCTACAACGA CCTCAGTG 
IgTTGAGTQ GGCTAGCTACAACGA CACCCTCA 



IgAGTTGAG GGCTAGCTACAACGA GCCACCCT 
IgCTCAGAG GGCTAGCTACAACGA TGAGTGCC 
l AGTATGGQ GGCTAGCTACAACGA TCAGAGTT 
ICAAAAGTA GGCTAGCTACAACGA GGQCTCAG 



5084 I GAGCCCAU A CUUUUGGC 



5091 j UACUUUUG G CUCCUCUA 
5100 I CUCCUCUA G UAAGAUGC 



1127 
1128 
1129 



GCCAAAAG GGCTAGCTACAACGA ATQGGCTC 2829 
TAGAGGAQ GGCTAGCTACAACGA CAAAAGTA 2830 
GCATCTTA GGCTAGCTACAACGA TAGAGGAGl 2831 



5105 j CUAGUAAG A UGCACUGA 
5107 | AGUAAGAU G CACUGAAA 
5109 rilAAGAUGC A CUGAAAAC 
5116 I CACUGAAA A CUUAGCCA 



5121 | AAAACUUA G CCAGAGUU 
5127 j UAGCCAGA G UUAGGUUG 



5132 | AGAGUUAG G UUGUCUCC 

5135 j GUUAGGUU G UCUCCAGG 

5143 j GUCUCCAG G CCAUGAUG 

5146 j UCCAGGCC A UGAUGGCC 

5149 AGGCCAUG A UGGCCUUA 



1130 

1131 

1132 

1133 

1134 

1135 

1136 

1137 

1138 

1139 

1140 



i TCAGTGCA GGCTAGCTACAACGA CTTACTAg| 2832 
TTTCAQTG GGCTAGCTACAACGA ATCTTACT 
GTTTTCA G GGCTAGCTACAACGA GCATCTTA 
TGGCTAAQ GGCTAGCTACAACGA TTTCAGTG 
AACTCTGG GGCTAGCTACAACGA TAAGTTTT 
CAACCTAA GGCTAGCTACAACGA TCTGGCTA 
GGAGACAA GGCTAGCTACAACGA CTAACTCT 



CCTGGAGA GGCTAGCTACAACGA AACCTAAC 
CATCATGG GGCTAGCTACAACGA CTGGAGACl 
GGCCATCA GGCTAGCTACAACGA GGCCTGGAj 
TAAGGCCA GGCTAGCTACAACGA CATGGCCT| 



WO 02/096927 



PCT/US02/17674 



116 



5152 1 


CCAUGAUG G CCUUACAC 


1141 l< 


3TGTAAGG GGCTAGCTACAACGA CATCATGG 


2843 


5157 j 


AUGGCCUU A CACUGAAA | 


1142 ' 


rTTCAGTG GGCTAGCTACAACGA AAGGCCATI 


2844 


5159 | 


GGCCUUAC A CUGAAAAU \ 


1143 1. 


ATTTTCAG GGCTAGCTACAACGA GTAAGGCC j 


2845 


5166 | 


CACUGAAA A UGUCACAU 


1144 J 


ATGTGACA GGCTAGCTACAACGA TTTCAGTGI 




5168 | 


CUGAAAAU G UCACAUUC | 


1145 | 


GAATGTGA GGCTAGCTACAACGA ATTTTCAG 


2847 


5171 1 


AAAAUGUC A CADUCUAU 


1146 ) 


ATAGAATG GGCTAGCTACAACGA GACATTTtI 


2848 


5173 J 


AAUGUCAC A UUCUAUUU | 


1147 J 


AAATAGAA GGCTAGCTACAACGA GTGACATtI 


2849 


5178 1 


CACAUUCU A UUUUGGGU 


1148 


ACCCAAAA GGCTAGCTACAACGA AGAATGTG 


2850 


5185 


UAUUUUGG G UAUUAAUA 


J 1149 j 


TATTAATA GGCTAGCTACAACGA CCAAAATAl 


2851 


5187 


\ UUUUGGGU A UUAAUAUA 


1150 


TATATTAA GGCTAGCTACAACGA ACCCAAAA 1 


2852 


5191 


GGGUADUA A UAUAUAGU 


1151 


|ACTATATA GGCTAGCTACAACGA TAATACCC 


! 2853 


5193 


| GUAUUAAU A UAUAGUCC 


I 1152 


GGACTATA GGCTAGCTACAACGA ATTAATAC 


j 2854 


5195 


1 AUUAAUAU A UAGUCCAG 


1153 


IcTGGACTA GGCTAGCTACAACGA ATATTAAT 


1 2855 


5198 


J AAUAUAUA G UCCAGACA 


1154 


ITGTCTGGA GGCTAGCTACAACGA TATATATT 


) 2856 


5204 


I UAGUCCAG A CACUUAAC 


1155 


|gTTAAGTG GGCTAGCTACAACGA CTGGACTA 


1 2857 


5206 


1 GUCCAGAC A CUUAACUC 


1 1156 


IGAGTTAAG GGCTAGCTACAACGA GTCTGGAC 


j 2858 


5211 


GACACUUA A CUCAAUUU 


1157 


IAAATTGAG GGCTAGCTACAACGA TAAGTGTC 


1 2859 



5216 I UUAACUCA A UUUCUUGG 1158 



5224 1 ADUUCUUG G UAUUAUUC 1159 



ICC AAQAAA GGCTAGCTACAACGA TGAGTTAA 2860 
IGAATAATA GGCTAGCTACAACGA CAAGAAAT) 2861 



5226 UUCUUGGU A UUAUUCUG 1160 



[CAGAATAA GGCTAGCTACAACGA ACCAAGAAl 2862 
IaAACAGAA GGCTAGCTACAACGA AATACCAAj 2863 



5229 I UUGGUAUU A UUCUGUUU 1161 



5234 f AUUAUUCU G UUUUGCAC J 1162 



iGTGCAA AA GGCTAGCTACAACGA AGAATAATl 2864 
ItAACTGTG GGCTAGCTACAACGA AAAACAGA) 2865 



5239 UCUGUUUU G CACAGUUA 1163 



5241 | UGUUUUGC A CAGUUAGU 1 1164 
5244 I UUUGCACA G UUAGUUGU ! 1165 



lACTA ACTG GGCTAGCTACAACGA GCAAAACA 2866 
IaCAACTAA GGCTAGCTACAACGA TGTGCAAA| 2867" 



5248 



5251 



5261 
5271 
5277 
5279 



5305 



5334 



5338 



r&HAnTTITA G UUGUGAAA I 1166 |TTTCACAA GGCTAGCTACAACGA TAACTGTG 2868 



AGUUAGUU G UGAAAGAA I 1167 |TTCTTTCA GGCTAGCTACAACGA AACTAACT 2869 



GAAAGAAA G CUGAGAAG | 1168 

UGAQAAGA A UGAAAAUG I 1169 

GAAUGAAA A UGCAGUCC 1170 

AUGAAAAU G CAGUCCUG I 1171 



CTTCTCAG 
| CATTTTCA 

|ggactgca 
caggactg 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



TTTCTTTC| 

tcttctca) 

TTTCATTCj 
ATTTTCATI 



2870 
2871 
2872 
2873 



5282 | AAAAUGCA G UCCUGAGG [ 1172 
5294 j UGAGGAGA G UUUUCUCC 1173 
5303 I UUUUCUCC A UAUCAAAA I 1174 



| CCTCAGGA GGCTAGCTACAACGA TGCATTTT 2874 
IGGAGAAAA GGCTAGCTACAACGA TCTCCTCA 2875 
ItTTTGATA GGCTAGCTACAACGA GGAGAAAA) 2876 



UUCUCCAU A UCAAAACG 1175 [CGTTTTGA GGCTAGCTACAACGA ATGGAGAA 2877 



5311 | AUAUCAAA A CGAGGGCU | 1176^ 
5317 1 AAACGAGG G CUGAUGGA 1177 
5321 I GAGGGCUG A UGGAGGAA I 1178 



lAGCCCTCG GGCTAGCTACAACGA TTTGATAT 
|tCCATCAG GGCTAGCTACAACGA CCTCQTTT 
ITTCCTCCA GGCTAGCTACAACGA CAGCCCTC| 



GGAAAAAG G UCAAUAAG I 1179 jCTTATTGA GGCTAGCTACAACGA CTTTTTCC 2881 



AAAGGUCA A 



UAAGGUCA 1180 ItGACCTTA GGCTAGCTACAACGA TGACCTTT 2882 



5343 I UCAAUAAG G UCAAGGGA 1 1181 [TCCCTTGA GGCTAGCTACAACGA CTTATTGA 2883 



5354 I AAGGGAAG A CCCCGUCU I 1182 |AGACGGGG GGCTAGCTACAACGA CTTCCCTT 2884 



sm Q 1 AAoarrrn a UCUCimUA I 1183 ITATAGAGA GGCTAGCTACAACGA GGGGTCTT 2885 



5384 



5365 CCGUCUCU A UACCAACC 1184 |GGTTGGTA GGCTAGCTACAACGA AQAGACGG 2886 



5367 GUCUCUAU A CCAACCAA 1185 lTTGGTTGG GGCTAGCTACAACGA ATAGRGAC 2887 



5371 COAUACCA A CCAAACCA 1186 |TGGTTTGG GGCTAGCTACAACGA TGGTATAQ 2888 



5376 1 CCAACCAA A CCAAUUCA 1 1187 |TGAATTGG GGCTAGCTACAACGA TTGGTTGG 2889 



I rrAttkrra A TIPCACCAA I 1188 [TTGGTQAA GGCTAGCTACAACGA TGGTTTGG 2890 



ACCAAUUC A 



CCAACACA I 1189 ITGTGTTGG GGCTAGCTACAACGA GAATTGGT| 2891 



5388 1 ADOCACCA A CACAGUUQ I 1190 |CAACTGTG GGCTAGCTACAACGA TG3TGAATI 2892 



5390 I UCACCAAC A CAGUUGGG I 1191 |CCCAACTO GGCTAGCTACAACGA GTTGGTGAl 2893 



S3 93 | CCAACACA G 



TTTTRRRACC 1192 GGTCCCAA GGCTAGCTACAACGA TGTGTTGQj 2894 
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5399 
5406 
5408 



CAGUUGGG A CCCAAAAC I 1193 
GACCCAAA A CACAGGAA I 1194 
CCCAAAAC A CAGGAAGU 1195 



IGTTTTGGG GGCTAGCTACAACQA CCCAACTGj 2895 
It TCCTGTG QGCTAGCTACAACQA TTTGGGTC 2896 
ACTTCCTG GGCTAGCTACAACGA GTTTTGGgI 2897 



5415 I CACAGGAA G UCAGUCAC 

5419 [ GGAAGUCA G UCACGUUU 
5422 | ~AGUCAGUC A CGUUUCCU 

54 34 1 UCAGUCAC G UUUCCUUU 

S435 1 UCCUUUUC A UUUAAUGG 

5440 I UUCAUUUA A UGGGGAUU 

5 446 I UAAUGGGG A UUCCACUA 
545ll GGGAUUCC A CUAUCUCA 



5454 
5459 



5465 
5475 
5477 
5485 



AUUCCACU A UCUCACAC [ 1204 
ACUAUCOC A CACUAAUC I 1205 



119 6 IGTGACTGA GGCTAGCTACAACGA TTCCTGTG 2898 

1197 1AAACGTQA GGCTAGCTACAACGA TQACTTCC 2899~ 

1198 IaGGAAACG GGCTAGCTACAACGA GACTGACTj 29pT 

1199 I aAAGGAAA GGCTAGCTACAACGA GTGACTGA 29oT 

1200 I CCATTAAA GGCTAGCTACAACGA GAAAAGGA 2902" 

1201 [aATCCCCA GGCTAGCTACAACGA TAAATGAA 2903* 

12 02 jTAGTGGAA GGCTAGCTACAACGA CCCCATTA 2904~ 

1203 jTGAGATAG GGCTAGCTACAACQA GGAATCCC 2905* 
IgTGTGAGA GGCTAGCTACAACGA AGTGGAAT| 2906 



IGATTAGTG GGCTAGCTACAACGA GAGATAGTj 2907 



5461 I UAUCUCAC A CUAAUCUG j 1206 

UCACACUA A UCUGAAAG j 1207 

CUGAAAGG A UGUGGAAG j 120B 

"GAAAGGAU G UGGAAGAG j 1209 

GUGGAAGA G CAUUAGCU I 1210 



5487 GGAAGAGC A UUAGCUGG 1211 



ICAGATTAQ GGCTAGCTACAACGA QTGAGATAj 2908 
1 CTTTCAGA GGCTAGCTACAACGA TAGTGTGAl 2909 
[CTT CCACA GGCTAGCTACAACGA CCTTTCAGf 2910 
j CTCTTCCA GGCTAGCTACAACGA ATCCTTTC 2911 
( AGCTAATG GGCTAGCTACAACGA TCTTCCAC 2912 
1 CCAGCTAA GGCTAGCTACAACGA GCTCTTCC 2913 



5491 j GAGCAUUA G CUGGCGCA | 1212 
5495 AUUAGCUG G CGCAUAUU 1213 



|tQCGCCAG GGCTAGCTACAACGA TAATGCTCj 2914 
lAATATGCG GGCTAGCTACAACGA CAGCTAAT| 2915 



5497 
5499 



UAGCUGGC G CAUAUUAA j 1214 
GCUGGCGC A UAUUAAGC I 1215 



|TTAATATG GGCTAGCTACAACGA QCCAGCTA 2916 
IgCTTAATA GGCTAGCTACAACGA GCGCCAGC| 2917 



5501 1 UGGCGCAU A UUAAGCAC \ 1216 |GTGCTTAA GGCTAGCTACAACGA ATGCGCCA 2918 



5506 I CAUAUUAA G CACUUUAA | 1217 |TTAAAGTG GGCTAGCTACAACGA TTAATATG 2919 



5508 | 


UAUUAAGC A CUUUAAGC 


1218 |( 


3CTTAAAG GGCTAGCTACAACGA GCTTAATA 


2920 f 


5515 1 


CACUUUAA G CUCCUUGA j 


1219 j' 


rCAAGGAG GGCTAGCTACAACGA TTAAAGTG 


2921 j 


5524 ! 


CUCCUUGA G UAAAAAGG | 


1220 j 


CCTTTTTA GGCTAGCTACAACGA TCAAGGAGl 


2922 


5532 


GUAAAAAG G UGGUAUGU 


1221 |. 


ACATACCA GGCTAGCTACAACGA CTTTTTAcj 


2923 


5535 


AAAAGGUG G UAUGUAAU | 


1222 . 


ATTACAtA GGCTAGCTACAACGA CACCT'lTr 


2924 


5537 


AAGGUGGU A UGUAAUUU j 


1223 


AAATTACA GGCTAGCTACAACGA ACCACCTT 


2925 | 


5539 


GGUGGUAU G UAAUUUAU 


1224 


ATAAATTA GGCTAGCTACAACGA ATACCACC 


2926 


5542 


GGUAUGUA A UUUAUGCA | 


1225 | 


TGCATAAA GGCTAGCTACAACGA TACATACC 


2927 j 


5546 


UGUAAUUU A UGCAAGGU 1 


1226 | 


ACCTTGCA GGCTAGCTACAACGA AAATTACA 1 


2928 


5548 


UAAUUUAU G CAAGGUAU | 


1227 1 


ATACCTTG GGCTAGCTACAACGA ATAAATTA| 


2929 j 


5553 


UAUGCAAG G UAUUUCUC | 


1228 


GAGAAATA GGCTAGCTACAACGA CTTGCATA 


2930 


5555 


UGCAAGGU A UUUCUCCA j 


1229 


TGGAGAAA GGCTAGCTACAACGA ACCTTGCA] 


2931 | 


5564 


UUUCUCCA G UUGGGACU 5 


1230 


AGTCCCAA GGCTAGCTACAACGA TGGAGAAA 


2932 


5570 


CAGUUGGG A CUCAGGAU 


1231 


ATCCTGAG GGCTAGCTACAACGA CCCAACTG 


2933 


5577 


GACUCAGG A UAUUAGUU 


1232 


AACTAATA GGCTAGCTACAACGA CCTGAGTC 


| 2934 


5579 


CUCAGGAU A UUAGUUAA 


1233 


TTAACTAA GGCTAGCTACAACGA ATCCTGAG 


2935 


5583 


GGAUAUUA G UUAAUGAG 


1234 


| CTCATTAA GGCTAGCTACAACGA TAATATCC 


2936 


5587 


AUUAGUUA A UGAGCCAU 


| 1235 


lATGGCTCA GGCTAGCTACAACGA TAACTAAT 


2937 


5591 


GUUAAUGA G CCAUCACU 


| 1236 


IAGTGATGG GGCTAGCTACAACGA TCATTAAC 


2938 


5594 


AAUGAGCC A UCACUAGA 


| 1237 


|tCTAGTGA GGCTAGCTACAACGA GGCTCATT 


2939 


5597 


GAGCCAUC A CUAGAAGA 


1238 


JtCTTCTAG GGCTAGCTACAACGA GATGGCTC 


2940 


5609 


GAAGAAAA G CCCAUUUU 


j 1239 


lAAAATGGG GGCTAGCTACAACGA TTTTCll'C 


. 2941 ' 


5613 


AAAAGCCC A UUUUCAAC 


1240 


IGTTGAAAA GGCTAGCTACAACGA GGGCTTTI 


1 2942 


5620 


CAUUUUCA A CUGCUUUG 


1241 


jcAAAGCAG GGCTAGCTACAACGA TGAAAATG 


2943 


5623 


UUUCAACU G CUUUGAAA 


1242 


(tTTCAAAG GGCTAGCTACAACGA AGTTGAM 


i 2944 


5631 


GCUUUGAA A CUUGCCUG 


j 1243 


jCAGGCAAG GGCTAGCTACAACGA TTCAAAGC 


: 2945 


5635 


UGAAACUU G CCUGGGGU 


j 1244 


|aCCCCAGG GGCTAGCTACAACGA AAGTTTC? 


2946 
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5642 j 


UGCCUGGG G UCUGAGCA j 


1245 Itgctcaga GGCTAGCTACAACGA cccaggcaI : 


2947 1 


3D40 I 


GGGUCUQA G CAUGAUGG 


1246 CCATCATG GGCTAGCTACAACGA TCAGACCCl 


2948 


5650 


GUCUGAGC A UGAUGGGA | 


1247 \1 


CCCATCA GGCTAQCTAGAACQA BL.1^J\UAL,| 


2949 1 


5653 


UGAGCAUG A UGGGAAUA 


1248 \1 


'ATTCCCA GGCTAGCTACAACGA CATGCTCA) 


2950 


5659 


UGAUGGGA A UAGGGAGA 1 


1249 h 


7CTCCCTA GGCTAGCTACAACGA TCCCATCA| 


2951 


5667 


| AUAGGGAG A CAGGGUAG | 


1250 |C 


^TACCCTG GGCTAGCTACAACGA CTCCCTAT | 


2952 |. 


5672 


QAGACAGG G UAGQAAAG | 


1251 ( 


ZTTTCCTA GGCTAGCTALAAC6A LUlbiVaU 


2953 


5682 


J AGGAAAGG G CGCCUAClT f 


1252 U 


\GTAGGCG GGCTAGCTACAACGA CCTTTCCT| 


2954 


5684 


I GAAAGGGC G CCUACUCU | 


1253 i 


\GAGTAGG GGCTAGCTACAACGA GCCirrriC) 


2955 j 


5688 




GGGCGCCU A CUCUUCAQ | 


1254 < 


CTGAAGAG GGCTAGCTACAACGA AGGCGCCCj 


2956 


5698 




UCUUCAGG G UCUAAAGA j 


1255 \ 


rCTTTAGA GGCTAGCTACAACGA CCTGAAGA| 


2957 


5706 




GUCDAAAG A UCAAGOGG 1 


1256 


CCACTTGA GGCTAGCTACAACGA CTTTAGAC1 


2958 


5711 




AAGAUCAA G UGGGCCUU 


1257 1 


AAGGCCCA GGCTAGCTACAACGA TTQATCTT| 


2959 


5715 1 


UCAAGUGG G CCUUGGAU | 


1258 1 


ATCCAAGG GGCTAGCTACAACGA CCACTTGaI 


2960 


5722 | 


GGCCUUGG A UCGCUAAG j 


1259 ~j 


CTTAGCGA GGCTAGCTACAACGA CCAAGGCC1 


2961 


5725 \ 


CUUGGAUC G CUAAGCUG | 


1260 j 


CAGCTTAG GGCTAGCTACAACGA GATCCAAG 


2962 1 


5730 1 


AUCGCUAA G CUGGCUCU 


1261 


AQAGCCAG GGCTAGCTACAACGA TTAGCGAT 


2963 | 


5734 


CUAAGCUG G CUCUGUUU 


1262 


AAACAGAG GGCTAGCTACAACGA CAGCTTAG | 


2964 


5739 


CUGGCUCU G UUUGAUGC 


1263 


GCATCAAA GGCTTAbLAAwiAv-ui* i*\aHw\-u«.\s| 


2965 j 


5744 


UCUGUUUG A UGCUAUUU 


| 1264 " 


AAATAGCA GGCTAGCTACAACGA CAAACAGA 


| 2966 | 


5746 j 


UGUUUGAU G CUAUUUAU 


1 1265 


ATAAATAG GGCTAGCTACAACGA ATCAAACA 


2967 


5749 | 


UUGAUGCU A UUUAUGCA 


{ 1266 


ITGCATAAA GGCTAGCTACAACGA AQCATCAA 


1 2968 1 


5753 


UGCUAUUU A UGCAAGUU 


1 12b / 


anrTTRna f3GC*TAGCTACJ\ACGA AAATAGCA 


2969 


[5755 


CUAUUUAU G CAAGUUAG 


1268 


1 CTAACTTG GGCTAGCTACAACGA ATAAATAG 


2970 


5759 


UUAUGCAA G UUAGGGUC 


j 1269 


IgACCCTAA GGCTAGCTACAACGA TTGCATAA 


2971 


1 5765 


AAGUUAGG G UCUAUGUA 


j 1270 


ItACATAGA GGCTAGCTACAACGA CCTAACTT 


1 2972 


j 5769 


| UAGGGUCU A UGUAUUUA 


j 1271 


(tAAATACA GGCTAGCTACAACGA AGACCCTA 


\ 2973 


1 5771 


1 GGGUCUAU G UAUUUAGG 


1 1272 


jCCTAAATA GGCTAGCTACAACGA ATAGACCC 


| 2974 


5773 


GUCUAUGU A UUUAGGAU 


1 1273 


IaTCCTAAA GGCTAGCTACAACGA ACATAGAC 


!| 2975 


5780 


1 UAUUUAGG A UGCGCCUA 


1274 


ITAGGCGCA GGCTAGCTACAACGA CCTAAATA 


J 2976 


5782 


j UUUAGGAU G CGCCUACU 


1275 


jAGTAGGCG GGCTAGCTACAACGA ATCCTAA? 


\ 2977 


5784 


j UAGGAUGC G CCUACUCU 


1276 


IaGAGTAGG GGCTAGCTACAACGA GCATCCT/ 


J 2978 


1 5788 


| AUGCGCCU A CUCUUCAG 


1277 


'cTGAAGAG GGCTAGCTACAACGA AGGCGCAI 


: 2979 


1 5798 


| UCUUCAGG G UCUAAAGA 


] 1278 


ITCTTTAGA GGCTAGCTACAACGA CCTGAAGJ 


i\ 2980 


| 5806 


j GUCUAAAG A UCAAGUGG 


1 1279 


I CCACTTGA GGCTAGCTACAACGA CTTTAGA< 


: 2981 


I 5811 


j AAGAUCAA G UGGGCCUU 


| 1280 


j AAGGCCCA GGCTAGCTACAACGA TTGATCT 


r[ 2982 



5815 UCAAGUGG G CCUUGGAU 1281 



GGCCUUGG A UCGCUAAG I 1282 1 CTTAGCGA GGCTAGCTACAACGA CCAAGGCq 



CUUGGAUC G CUAAGCUG I 12B3 | CAGCTTAG GGCTAGCTACAACGA GATCCAAG | 



5830 AUCGCUAA G CUGGCUCU Tl284 |AGAGCCAG GGCTAGCTACAACGA 



5834 I CUAAGCUG G CUCUGUUU 1 1285 | AAACAGAG GGCTAGCTACAACGA CAGCTTAG 



5839 CUGGCUCU G UUUGAUGC I 1286 | GCATCAAA GGCTAGCTACAACGA AGAGCCAGj 2988 



5844 I UCUGUUUG A UGCUAUUU I 1287 IaAATAGCA GGCTAGCTACAACGA CAAACAGA) 



UGUUUGAU G CUAUUUAU I 1288 I ATAAATAG GGCTAGCTACAACGA ATCAAACA) 



5849 



IAUGCU A UUUAUGCA I 1289 ITGCATAAA GGCTAGCTACAACGA AGCATCAA] 2991 



5853 



UGO 



ru A UGCAAGUU 1 1290 IaACTTGCA GGCTAGCTACAACGA AAATAGCA) 2992 



5855 I CUAUUUAU G CAAGUUAG I 1291 I CTAACTTG GGCTAGCTACAACGA ATAAATAG) 2993 



5859 I UUAUGCAA G UUAGGGUC I 1292 [GACCCTAA GGCTAGCTACAACGA TTGCATAA | 2994 



5865 AAGUUAGG G UCUAUGUA 



1293 



ITACATAGA GGCTAGCTACAACGA CCTAACTT | 2995 



5869 UAGGGUCU A UGUAUUUA 1 1294 |TAAATACA GGCTAGCTACAACGA AGACCCTA 2996 



5B71 I GGGUCUAU G UAUUUAGG I 1295 ]CCTAAATA GGCTAGCTACAACGA ATAGACCC) 2997 



5873 I GUCUAUGU A UUUAGGAU I 1296 [ATCCTAAA GGCTAGCTACAACGA ACATAGAC | 2998 
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5880 | UAUUUAGG A UGUCUGCA 

58B2 I UUUAGGAU G UCUGCACC 

5886 I QGAUGUCU Q CACCUUCU 

5888 AUGU CUGC A CCUUCUGC 

5895 I CACCUUCU G CAGCCAGU 



1 297 [tGCAGACA GGCTAGCTACAACGA CCTAAATA 2999 

1 298 Iggtqcaga GGCTAGCTACAACGA ATCCTAAAI 3000 

129 9 lAGAAGGTG GGCTAGCTACAACGA AGACATCCl 3001 

1300 IGCAQAAGQ G GCTAGCTACAACGA GCAGACAT| 3002 

1301 IACTGGCTG GGCTAGCTACAACGA AGAAQGTo| 3003 



5898 CUUCUGCA G CCAGUCAG I 1302 



5902 
5909 
5918 



UGCAGCCA G UCAGA AGC | 1303 
AGUCAGA A G CUGGAGAG | 1304 
CUGGAGAG G CAACAGUG I 1305 



5921 ! GAGAGGC A A CAGUGGAU I 1306 

5924 AGGC AACA G UGGAUUGC | 1307' 

5928 I AACAGUGG A UUGCUGCU | 1308 

5931 AGUGG AUU G CUGCUUCU | 130? 

5934 I GGAUUGCU G CU UCUUGG | 1310 

5951 1 GGAGAAGA G UAUGCUUC 1311 

5953 AG AAGAGU A UGCUUCCU | 1312 

5955 AAGA GUAU Q CUUCCUUU 1313' 

5965 UUCCUUUU A UCCAUGUA | 1314 

5969 UUUUAUCC A UGUAAUUU | 1315 

5971 | UUAUCCAU G UAAUUUAA \ 1316 



ICTGACTGG G GCTAGCTACAACGA TGCAGAAQl 3004 
IgCTTCTGA GG CTAGCTACAACGA TGGCTGCa| 3005 
CTCTCCAG G GCTAGCTACAACGA TTCTGACT| 3006 
IcACTGTTG GG CTAGCTACAACGA CTCTCCAg| 3007 
IaTCCACTG G GCTAGCTACAACGA TGCCTCTC 3008 
IgCAATCCA GGCTAGC TACAACGA TGTTGCCT| 3009 
IaGCAQCAA GGCTAGCTACAACGA CCACTQTT 3010 
lAGAAGCA G GGCTAGCTACAACGA AATCCACtI 3011 
ICCAAGAAG GGCT AGCTACAACGA AGCAATCcI 3012 
|GAAGCATA GGCT AGCTACAACGA TCTTCTCcI 3013 
IaGGAAGCA GGCTAGCTACAACGA ACTCTTCT| 3014 
(aAAGGAAG GGCTAGCTACAACGA ATACTCTT 3015 
ItACATGGA GGCTA GCTACAACGA AAAAGGAA 3016 
IaAATTACA GGCTA GCTACAACGA GGATAAAa) 3017 
ItTAAATTA GGCTAGCTACAACGA ATGGATAA| 3018 



5974 UCCAUGUA A UUUAACUG 1317 



5979 



5982 
5987 
5993 



6000 
6003 



GUAA UUUA A CUGUAQAA | 1318 

AUUUAACU G UAGAACCU \ lsTF 

AC UGUAGA A CCUGAGCU | 1320 

GA ACCUGA G CUCUAAGU | 1321 

AG CUCUAA G UAACCGAA | 1322 

UCUAAGUA A CCGAAGAA I 1323 



6011 I ACCGAAGA A UGUAUGCC 1324 



ICAGTTAA A GGCTAGCTACAACGA TACATGGAl 3019 
[tTCTACAG GGCTAGC TACAACGA TAAATTAC 3020 
|aGGTTCTA G GCTAGCTACAACGA AGTTAAAT 302? 
IaGCT CAGG GGCTAGCTACAACGA TCTACAGT 3022 
(ACTTAGAG GGCTAGCT ACAACGA TCAGGTTCj 3023 
[TTCGGTTA GGCT AGCTACAACGA TTAGAGCTj 3024 
[tTCTTCGG GGCT AGCTACAACGA TACTTAGA 302lT 
IGGCATACA GGCTAGCTACAACGA TCTTCGGtI 3026 



6013 
6015 
6017 
6023 
6029 
6031 



CGAAG AAU G^UAUGCCUC | 1325 

AAGAAUGU A UGCCUCUG j 1326 

GAAUGUAU G CCUCUGUU | 132? 

AUGCCUCU G UUCUUAUG | 1328 

CUGUUCUU A UGUGCCAC | 1329 

GUUCUUAU G UGCCACAU 1 1330 



[GAGGCATA GGCTAGC TACAACGA ATTCTTCG|3027 
[cAGAGG CA GGCTAGCTACAACGA ACATTCTT 3028 
[aACAGAGG GGCTAGCTACAACGA ATACATTCI 3029 
IcATAAGAA GGCT AGCTACAACGA AGAGGCAT 3030 
IGTGGCACA GGCTA GCTACAACGA AAGAACAG 3031 
UtGTGGCA GGCTAGCTACAACGA ATAAGAAC| 3032" 



6036 | 


UAUGUGCC A CAUCCUUG 


1332 | 


CAAGGATG GGCTAGCTACAACGA GGCACATA 


3034 \ 


6038 j 


UGUGCCAC A UCCUUGUU | 


1333 j 


AACAAGGA GGCTAGCTACAACGA GTGGCACA 


3035 


6044 j 


ACAUCCUU G UUUAAAGG [ 


1334 | 


CCTTTAAA GGCTAGCTACAACGA AAGGATGTj 


3036 


6052 j 


GUUUAAAG G CUCUCUGU J 


1335 j 


ACAGAGAG GGCTAGCTACAACGA Cl"riAAAC| 


3037 


6059 j 


GGCUCUCU G UAUGAAGA | 


1336 j 


TCTTCATA GGCTAGCTACAACGA AGAGAGCCj 


3038 


6061 j 


CUCUCUGU A UGAAGAGA 


1337 1 


TCTCTTCA GGCTAGCTACAACGA ACAGAGAG] 


3039 


6069 


AUGAAGAG A UGGGACCG 


1338 1 


CGGTCCCA GGCTAGCTACAACGA CTCTTCAT 


3040 


6074 


GAGAUGGG A CCGUCAUC 


| 1339 1 


GATGACGG GGCTAGCTACAACGA CCCATCTC 


3041 


6077 


AUGGGACC G UCAUCAGC 


j 1340 


GCTGATGA GGCTAGCTACAACGA GGTCCCAT 


| 3042 


6080 


j GGACCGUC A UCAGCACA 


| 1341 


TGTGCTGA GGCTAGCTACAACGA GACGGTCC 


| 3043 


6084 


j CGUCAUCA G CACAUUCC 


1 1342 


GGAATGTG GGCTAGCTACAACGA TGATGACG 


| 3044 


6086 


| UCAUCAGC A CAUUCCCU 


j 1343 


[aGGGAATG GGCTAGCTACAACGA GCTGATGA 


| 3045 ' 


6088 


| AUCAGCAC A UUCCCUAG 


j 1344 


CTAGGGAA GGCTAGCTACAACGA GTGCTGAT 


| 3046 


6096 


j AUUCCCUA G UGAGCCUA 


j 1345 


ITAGGCTCA GGCTAGCTACAACGA TAGGGAAT 


j 3047 


6100 


j CCUAGUGA G CCUACUGG 


1 1346 


jcCAGTAGG GGCTAGCTACAACGA TCACTAGG 


j 3048 


6104 


j GUGAGCCU A CUGGCUCC 


j 1347 


IGGAGCCAG GGCTAGCTACAACGA AGGCTCAC 


j 3049 
1 oncn 



6108 



* 
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6115 



6185 
6191 



GGCUCCUG G CAGCGGCU I 1349 [AGCCGCTG GGCTAGCTACAACGA CAGGAGCC 



6118 I UCCUGGCA G CGGCUUUU 
6121 I UGGCAGCG G CUUUUGUG 



Iaaaaqccg GGCT AGCTACAACGA TGCCAGGA 
IcACAAAAG GGCTAGCTACAACGA CGCTGCCA 



6127 | CGGCUUUU G UGGAAGAC 1352 



3054 



6134 | UGUGGAAG A CUCACUAG 
6138 I GAAGACUC A CUAGCCAG 



(GTCTTCCA GGCTAGCTACAACGA AAAAGCCG 
|CTAGTGAG GGCTAGCTACAACGA CTTCCACA 3055 
IcTGGCTAG GGCTAGCTACAACGA GAGTCTTC| 3056 



3051 



3052 



3053 



6142 ACUCACDA G CCAGAAGA 



AGAGAGGA 
GGAGDGGG 
IACA 
UCCUCUCC 
CCACCAAG 



G UGGGACAG 
A CAGUCCUC 
G UCCUCUCC 
A CCAAGAUC 
A UCUAAAUC 



AGAUCUAA 
AAAUCCAA 



A UCCAAACA 
A CAAAAGCA 



ITCTTCTGG GGCTAGCTAC AACGA TAGTGAGT| 3057 
IcTGTCCCA GGCTAGCTACAACGA TCCTCTCT] 3 059 
IGAQGACTG GGCTAGCTACAACGA CCCACTCc| 3059 
[gGAGAGGA GGCTAGCTACAACGA TGTCCCAC 3060 
|gATCTTGG GGCTAGCTACAACGA GGAGAGGA| 3061 
|gATTTAGA G GCTAGCTACAACGA CTTQGTGg| 3062 
|tGTTTGGA GGCTAGCTACAACGA TTAGATCt| 3063 
TGCTTTTG GGCTAGCTACAACGA TTGGATTT] 3064 



6197 ! AAACAAAA G CAGGCUAG 1363 



6207 
6220 
6224 



6201 I AAAAGCAG G CUAGAGCC I 1364 



AGGCUAGA G CCAGAAGA 
AA GAGAGG A CAAAUCUU" 
GAGGACAA A UCUUUGUU 



[GGCTCTAG GGCTAGCTACAACGA CTGCTTTT] 3066 
[tCTTCTGG GGCTAGCTACAACGA TCTAGCCT] 3067 
jAAGATTTG G GCTAGCTACAACGA CCTCTCTt| 306B 
AACAAAGA GGCTAGCTACAACGA TTGTCCTC 3069 



6230 I AAAUCUUU G UUGUUCOJ 



6233 UCUUUGUU G UUCCUCUU 



1368 
1369 



6246 T UCUUCUUU A CACAUACG 1370 



[AGGAACA A GGCTAGCTACAACGA AAAGATTTl 3070 
lAAGAGGAA GGCTA GCTACAACGA AACAAAGA | 3071 
CGTATGTG GGCTAGCTACAACGA AAAGAAGA 3072 



6248 I UUCUUUAC A CAUACGCA 1371 



6250 | CUUUACAC A UAOGCAAA 
6252 I UUACACAU A CGCAAACC 
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6399 I GAUAACAA A UAAAACCU 



CAAAUAAA A CCUURGCU 
AAACCUU A G CUQUUCftU 
CCUUAGCU G UUCAUGUC^ 
AGCUGUUC A UGUCUUGA 



6419 CUGUUCAU 6 UCUUGAUU 



6425 AUGUCUUG A UUUCAAUA 



140 1 lAGGTTTTA GGCTAGCTACAACGA TTGTTATCj 3103 
1402 — AGC TAAGG GGCTAGCTACAAOGA TTTATTTQ 3104 
j4Q3 I aTGAACAG GGCTAGCTACAACGA TAAGQTTT 3105 
U04 — IGAC ATGAA GGCTAGCTACAACGA AGCTAAGG 1 3106 
"i405 — ITCAAQ ACA GGCTAGCTACAACGA GAACAGCT 3107 
"1406 — lAATCA AGA GGCTAGCTACAACGA ATGAACAGj 3108 
"1407 — ITATTGAAA GGCTAGCTACAACGA CAAGACAt| 3109 



6431 UGAUUUCA A UAATJUAAU I 1408 



6434 
6438 
6445 
6448 



UUUCAAUA A U UAAUUCU 
AAUAAUU A A UUCUUAAU 
AAUUCUUA A UCAUUAAG 
UCUUAAUC A UUAAGAGA 



6456 AUUAAGAG A CCAUAAUA 



1409 
1410 
1411 
1412 
1413 



ATTAATTA GGC TAGCTACAACGA TQAAATCAj 3110 
AGAATTAA GGCTAGCTACAACGA TATTGAAa| 3111 



lATTAAGAA GGCTAGCTACAACGA TAATTATT 1 3112 
IcTTAATGA GGCTAGCTACAACGA TAAGAATT 3113 
ItCTCTTAA GGCTAGCT ACAACGA GATTAAGAj 3114 
ITATTATGG GGCTAGCTACAAOGA CTCTTAATj 3115 



6459 



MianiflG A UAAUAAAU 1 1414 |aTTTATTA GGCTAGCTACAACGA GGTCTCTTl 3116 



6462 



AQACCAUA A UAAAUACU | 141 5 IaGTATTTA GGCTAGCTACAACGA TATGGTCT j 3117 



6466 CAUAAUAA A UACUCCUU 



6468 UAAUAAAU A CUCCUUUU 



lAAGGAG TA GGCTAGCTACAACGA TTATTATGl 3118 
IAAAAGGAG GGCTAGCTACAACGA ATTTATTA| 3119 



6487 | AGAGAAAA G CAAAACCA 
6492 I AAAGCAAA A CCAUUAGA 



6495 GCAAAACC A UUAGAAUU 



6501 I C CAUUAGA A UUGUUACU 
6504 | UUAGAAUU G UUACUCAG 



1418 
T4l9 
1420 
1421 
1422 



TGGTTTTG GGCTAGCTACAACGA TTTTCTCTj 3120 
TCTAATGG GGCTAGCTACAACGA TTTGCTTT| 3127 



jAATTCTAA GGCT AGCTACAACGA GGTTTTGC 
[aGTAA CAA GGCTAGCTACAACGA TCTAATGG 
ICTGAGTAA GGCTAGCTACAACGA AATTCTAA 



6507 
6512 



GAAUUGUU A CUCAGCUC \ 1423 
GUUACUCA G CUCCUUCA 1 1424 



IGAGCTGAG GGCTAGCTACAACGA AACAATTC 
ITGAAGGAG GGCTAGCTACAACGA TGAGTAAC 



6522 j UCCUUCAA A CUCAGGUU 
6528 I AAACUCAG G UUUGUAGC 



AAC CTGAG GGCTAGCTACAACGA TTGAAGGA 
IGCTACAAA GGCTAGCTACAACGA CTGAGTTT 



6532 UCAGGUUU G UAGCAUAC 



6535 I GG UUUGUA G CAUACAUG 

6537 UUUGUAGC A UACAUGAG 

6539 U GUAGCAU A CAUGAGUC 

6541 I UAGCAUAC A UGAGUCCA 



6545 j AUACAUGA G UCCAUCCA 
6549 AUGAGUCC A UCCAUCAG 



6553 I GUCCA UCC A UCAGUCAA 
6557 I AUCCAUCA G UCAAAGAA 



6565 r GUCAAAGA A UGGUUCCA 



1427 
1428 
1429 
1430 
1431 
1432 
1433 
1434 
1435 
1436 



iGTATGCTA GGCTA GCTACAACGA AAACCTGA 
I CATGT ATG GGCTAGCTACAACGA TACAAACC 
CTCATGTA G GCTAGCTACAACGA GCTACAAA 
[QACTCAT G GGCTAGCTACAACGA ATQCTACA 
1TGGACTCA GGCTAGCTACAACGA GTATGCTA 



3122 
3123 
3124 



3125 
3126 



3127 
3128 



3129 
3130 
3131 
3132 



3133 



[TGGA TGGA GGCTAGCTACAACGA TCATGTATj 3134 
CTGATGGA GG CTAGCTACAACGA GGACTCAT 3135 
[TTGACTGA GG CTAGCTACAACGA GGATGGAC 3136 
ITTCTTTGA GGCTAGCTACAACGA TGATGGAT 3137 
[TGGAACCA GGCTAGCTACAACGA TCTTTGAq 3138 



6568 AAAGAAUG G UUCCAUCU 



6573 AUGGUUCC A UCUGGAGU 



AGATGGAA GGCTAGCTACAACGA CATTCTTT j 3139 
ACTCCAGA GGCTAGCTACAAOGA GGAACCAT 3140* 
CATTAAG A GGCTAGCTACAACGA TCCAGATG 3141 
6586 I GAGOCUUA A UGUAGAA A 1 1440 ITTTCTACA GGCTAGCTACAACGA T A AGACTC 3142 
6588 GUCUUAAU G UAGAAAQA 1441 TC1 TTCTA GGCTAGC TACAACGA ATTAAGACl 3143 



6580 CAUCUGGA G UCUUAAUG T 1439 



6600 



AAAGAAAA A PGGAGAOJ 1 1442 |aGTCTCCA GGCTAGCTACAAOGA m-iui-ytfj 3144 

ATTACAAG GGCTAGCTACAACGA CTCCATTT| 3145 



6606 AAAUGGAG A CUUGUAAU [1443 



6610 



GGAGACDU Q UAAUAAUG | 1444 | CATTATTA GGCTAGCTACAACGA AAGTCTCCj 31*6 



6613 



GACUUGUA A UAAUGAGC 1445 GCTCATTA GGCTAGCTACAACGA TACAAGTC 1 3147 



6616 



UUGUAAUA A UGAGCUAG | 144 6 | CTAGCTCA GGCTAGCTACAACGA TATTACAAl 3148 



6620 



AAUAAUQA G CUAGUUAC 1 1447 |gtAACTAO GGCTAGCTACAACGA TCATTATTI 3149 



6624 



AUGAGCUA G UUACAAAG 1 1448 |cTTTGTAA GGCTAGCTACAACGA TAGCTCATj 3150 
AGCUAGUU A CAAAQUGC 1 1 449 |GCACTTTG GGCTAGCTACAACGA AACTAGCT 3151 



6627 , . ~ ~ ~- ~ - - - - — » 1 _ _ „ — . 

6632 1 GUOACAAA G UGCUOQUU 1 1450 [aACAAGCA GGCTAGCTACAACGA TTTGTAACI 3152 

6634 I mCAAAGP G COUQOUCA I 1*51 |TGAACAAG GGCTAGCTACAACGA ACTTTOTAI 31S3 

I MmtwmiT a UUCAOUAA J l 4S2 |TTAATGAA GGCTAG CT ACAACGA ARGCACTT) 3154 
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6642 | GCUUGUUC A UUAAAAUA | 1453 |TATTTTAA GGCTAGCTACAACGA GAACAAGCj 3155 
6648 I UCADUAAA A UAGCACUG 1454 



6651 
6653 
6660 
6666 



UUAAAAUA G 
AAAAUAGC A 
CACUQAAA A 
AAAUUGAA A 



CACUQAAA 
CUGAAAAU 
UUGAAACA 
CAUGAAUU 



1455 
1456 
145? 
1458 



[CAGTQCTA GGCT AGCTACAACGA TTTAATQA| 3156 
|tTTCA GTG GGCTAGCTACAACGA TATTTTAa| 3157" 
|ATTTTCAG GGCTAGC TACAACGA GCTATTTT| 3158 
[TGTTTCAA GGCTAGCTACAACGA TTTCAGTq| 3159 
IAATTCATG GGCTAGCTACAACGA TTCAATTT 3160 



6668 1 AUtJGAAAC A UGAAUUAA | 1459 |TTAATTCA GGCTAGCTACAACGA GTTTCAAT| 3161 



6672 I AAACAUGA A UUAACUGA 1460 



ITCAGTTAA GGC TAGCTACAACGA TCATGTTT| 3162 
[aTTATC AG GGCTAGCTACAACGA TAATTCAT| 3163 
GAATATTA GGCTAGCTACAACGA CAGTTAAtI 3164 



6676 
6680 



AUGAA UUA A CUGAUAAU | 1461 
AUUAACUG A UAAUAUUC I 1462 



66B3 I AACUGAUA A UAUUCCAA 1463 



| TTGGAATA G GCTAGCTACAACGA TATCAGTT| 3165 
IgATTGGAA GGCTAGCTACAACGA ATTATCAG I 3166 



6685 | CUGAIJAAU A UUCCAAUC 1464 



6691 ADADUCCA A UCAUUUGC 1465 [GCAAATGA GGCTAGCTACAACGA TGGAATAT| 3167 



6694 UUCCAAUC A UUUGCCAU 1466 | ATCGCAAA GGCTAGCTACAACGA GATTGGAAl 3168 



6698 AAUCAUUU G CCAUUUAU \ 1467 [aTAAATGG GGCTAGCTACAACGA AAATGATT) 3169 



6701 I CAUUUGCC A UUUAUGAC 1468 



|GTCATAAA GGCTAGCTA CAACGA GGCAAATGj 3170 
TTTTGTCA GGCTAGCTACAACGA AAATGGCaI 3171 



6705 I UGCCAUUU A UGACAAAA 1469 



6708 I CAUUUADG A CAAAAAUG 1470 



6714 I UGACAAAA A UGGUUGGC 1471 



[CATTTTTG GGC TAGCTACAACGA CATAAATG) 3172 
GCCAACCA GGCTAGCTACAACGA TTTTGTCA 3173" 



6717 



6721 



6723 



CAAAAAUG G UUGGCACU 1472 |aGTGCCAA GGCTAGCTACAACGA CATTTTTG | 3174 



AAUGGUUG G CACUAACA I 1473 |TGTTAGTG GGCTAGCTACAACGA CAACCATT[ 3175 



UGGUUGGC A CUAACAAA 1474 



ITTTGTTAG GGC TAGCTACAACGA GCCAACCA] 3176 
GTTCTTTG GGCTAGCTACAACGA TAGTGCCA 3177 



6727 I UGGCACUA A CAAAGAAC 1475 



6734 AACAAAGA A CG AGCACU 1476 |AGTGCTCG GGCTAGCTACAACGA TCTTTGTT | 3178 



6738 1 


AAGAACGA G CACUUCCU j 


1477 |i 


\GGAAGTG GGCTAGCTACAACGA TCGTTCTT| 


3179 | 


| 6740 | 


GAACGAGC A CUUCCUUU f 


1478 |i 


\AAGGAAG GGCTAGCTACAACGA GCTCGTTC | 


3180 [ 


| 6753 | 


CUUUCAGA G UUUCUGAG | 


1479 |< 


□TCAGAAA GGCTAGCTACAACGA TCTGAAAg) 


3181 j 


1 6762 | 


UUUCUGAG A UAAUGUAC j 


1480 |< 


3TACATTA GGCTAGCTACAACGA CTCAGAAA] 


3182 j 


1 6765 1 


CUGAGAUA A UGUACGUG | 


1481 | 


CACGTACA GGCTAGCTACAACGA TATCTCAG| 


3183 j 


1 6767 1 


GAGAUAAU G UACGUGGA 


1482 j 


TCCACGTA GGCTAGCTACAACGA ATTATCTc] 


3164 j 


| 6769 1 


GAUAAUGU A CGUGGAAC | 


1483 1 


GTTCCACG GGCTAGCTACAACGA ACATTATC| 


3185 


j 6771 | 


UAAUGUAC G UGGAACAG | 


1484 j 


CTGTTCCA GGCTAGCTACAACGA GTACATTA| 


3186 j 


1 6776 j 


UACGUGGA A CAC5UCUGG | 


1485 j 


CCAGACTG GGCTAGCTACAACGA TCCACGTA | 


3187 j 


| 6779 1 


GUGGAACA G UCUGGGUG | 


1486 j 


CACCCAGA GGCTAGCTACAACGA TGTTCCAC] 


3188 1 


j 6785 ] 


CAGUCUGG G UGGAAUGG | 


1487 1 


CCATTCCA GGCTAGCTACAACGA CCAGACTG 


3189 | 


j 6790 | 


UGGGUGGA A UGGGGCUG | 


1488 ] 


CAGCCCCA GGCTAGCTACAACGA TCCACCCA 


3190 1 


j 6795 


GGAAUGGG G CUGAAACC 


1489 


GGTTTCAG GGCTAGCTACAACGA CCCATTCC 


3191 | 


j 6801 


GGGCUGAA A CCAUGUGC 


1490 


GCACATGG GGCTAGCTACAACGA TTCAGCCC 


3192 | 


| 6804 


CUGAAACC A UGUGCAAG 


| 1491 


CTTGCACA GGCTAGCTACAACGA GGTTTCAG 


3193 | 


| 6806 


{ GAAACCAU G UGCAAGUC 


1492 


GACTTGCA GGCTAGCTACAACGA ATGGTTTC 


3194 j 


| 6808 


] AACCAUGU G CAAGUCUG 


| 1493 


[cAGACTTG GGCTAGCTACAACGA ACATGGTT 


3195 j 


| 6812 


| AUGUGCAA G UCUGUGUC 


| 1494 


[gACACAOA GGCTAGCTACAACGA TTGCACAT 


3196 ] 


j 6816 


| GCAAGUCU G UGUCUUGU 


j 1495 


|aCAAGACA GGCTAGCTACAACGA AGACTTGC 


3197 j 


| 6818 


| AAGUCUGU G UCUUGUCA 


| 1496 


|tGACAAGA GGCTAGCTACAACGA ACAGACTT 


3198 ] 


j 6823 


1 UGUGUCUU G UCAGUCCA 


j 1497 


|tGGACTGA GGCTAGCTACAACGA AAGACACA 


3199 | 


j" 6827 


j UCUUGUCA G UCCAAGAA 


1 1498 


TTCTTGGA GGCTAGCTACAACGA TGACAAGA 


3200 


j 6836 


( UCCAAGAA G UGACACCG 


j 1499 


CGGTGTCA GGCTAGCTACAACGA TTCTTGGA 


. 3201 


| 6839 


jj AAGAAGUG A CACCGAGA 


1 1500 


|TCTCGGTG GGCTAGCTACAACGA CACTTCTT 


' 3202 


j 6841 


| GAAGUGAC A CCGAGAUG 


| 1501 


ICATCTCGG GGCTAGCTACAACGA GTCACTTC 


! 3203 


j 6647 


| ACACCGAG A UGUUAAUU 


j 1502 


(aATTAACA GGCTAGCTACAACGA CTCGGTG1 


• 3204 


j 6849 


| ACCGAGAU G UUAAUUUU 


1 1503 


IaAAATTAA GGCTAGCTACAACGA ATCTCGG1 


? 3205 


1 6853 


j AGAUGUUA A UUUUAGGG 


1 1504 


CCCTAAAA GGCTAGCTACAACGA TAACATCI 


: 3206 
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i /r r\ /? **\ i 

1 6862 1 


UUUUAGGG A CCCGUCjCC 




RGCACGGG GGCTAGCTACAACGA CCCTAAAAl 


3207 | 


6866 


AGGGACCC G UGCCUUGU 




arzvAOf?rA GGCTAGCTACAACGA GGGTCCCTl 


3208 


6868 


GGACCCGU G CCUUGUuu 


1 CM 


& iv AHA AGS GGCTAGCTACAACGA ACGGGTCC 


3209 


I 6873 1 


CGUGCCUU G UUUCCUAG 


icno 
la U o 


PTAOOAAA GGCTAGCTACAACGA AAGGCACGl 


3210 


J 6881 J 


GUUUCCUA G CCCACAAG 


1509 






1 6885 1 


CCUAGCCC A CAAGAAUG 


1510 


CATTCTTG GGCTAGCTACAACGA GGGCTAGg| 


3212 J 


1 6891 


CCACAAGA A UGCAAACA 


1511 


TGTTTGCA GGCTAGCTACAACGA TCTTGTGg| 


3213 


1 6893 ' 


ACAAGAAU G CAAACAUC 


1512 


GATGTTTG GGCTAGCTACAACGA ATTCTTGT 


3214 


1 6897 


t GAAUGCAA A GAUCAAAC 


1513 


GTTTGATG GGCTAGCTACAACGA TTGCATTC 


3215 


|6899 


i AOGCAAAC A UCAAACAG 


1514 


CTGTTTGA GGCTAGCTACAACGA GTTTGCAT 


j 3216 


1 6904 


\ AAGAUCAA A CAGAUACU 


1515 


[AGTATCTG GGCTAGCTACAACGA TTGATGTT 


| 3217 


J 6908 


| UCAAACAG A UACUCGCU 


1516 


JaGCGAGTA GGCTAGCTACAACGA CTGTTTGA 


j 3218 


1 6910 


1 AAACAGAU A CUCGCUAG 


1 1517 


jcTAGCGAG GGCTAGCTACAACGA ATCTGTTT 


j 3219 


| 6914 


| AGAUACUC G CUAGCCUC 


j 1518 


IgAGGCTAG GGCTAGCTACAACGA GAGTATCT 


j 3220 


| 6918 


| ACUCGCUA G CCUCAUDU 


1 1519 


JaAATGAGG GGCTAGCTACAACGA TAGCGAGT 


j 3221 


6923 


CUAGCCUC A UUUAAAUU 


1520 


IaATTTAAA GGCTAGCTACAACGA GAGGCTAG 


j 3222 



6929 j UCA UUUAA A UUGAUUAA | 1521 [TTAATCAA GGCTAGCTACAACGA TTAAATGAl 3223 
6933 j UUAAAU UG A UUAAAGGA | 1522 |tCCTTTAA GGCTAGCTACAACGA CAATTTAA 3224 
6945 AAGGAGGA G UGCAUCUU 1523 AAGATGCA GGCTAGCTACAACGA TCCTCCTT 3225 



6947 



GGAGGAGU G CAUCUUUG 1524 



[CAAAGA TG GGCTAGCTACAACGA ACTCCTCC| 3226 
GCCAAAGA GGCTAGCTACAACGA GCACTCCT 3227 



6949 1 AGGAGUGC A UCUUUGGC 1525 



6956 CAUCUUUG G CCGACAGD 1526 |ACTGTCGG GGCTAGCTACAACGA CAAAGATG j 3228 



6960 UUUGGCCG A CAGUGGUG I 1527 CACCACTG GGCTAGCTACAACGA CGGCCAAA| 3229 



6963 | GGCCGACA G UGGUGUAA 1 1528 ITTACACCA GGCTAGCTACAACGA TGTCGGCC 3230 
6966 1 CGACAGUG G UGUAACUQ 1529 CAGTTACA GGCTAGCTACAACGA CACTGTCGl 3231 
6968 ACAGUGGU G UAACUGUG 1530 | CACAGTTA GGCTAGCTACAACGA ACCACTGT) 3232 



69 71 | GUGGUGUA A CUGUGUGU j 1531 |ACACACAG GGCTAGCTACAACGA TACACCAC 3233 
6974 GUGUAACU G UGUGUGUG 1532 [cACACACA GGCTAGCTACAACGA AGTTACAC | 3234~ 



6976 | GUAACUGU G UGUGUGUG ] 1533 [CACACACA GGCTAGCTACAACGA ACAGTTAC 3235 
6978 1 AACUGUGU G UGUGUGUG | 1534 | CACACACA GGCTAGCTACAACGA ACACAQTTl 323? 
6980 CUGUGUGU G UGUGUGUG 1535 j CACACACA GGCTAGCTACAACGA ACACACAG| 323~ 



6982 GUGUGUGU G UGUGUGUG I 1536 | CACACACA GGCTAGCTACAACGA ACACACACj 3238 



6984 I G UGUGUGU G UGUGUGUG | 1537 | CACACACA GGCTAGCTACAACGA ACACACACj 3239 

69 86 1 GUGUGUGU g UGUGUGUG 1538 CACACACA GGCTAGCTACAACGA ACACACAC 3240 

69 88 j GUGUGUGU G UGUGUGUG | 1539 CACACACA GGCTAGCTACAACGA ACACACACl 324T 

69 90 j GUGUGUGU G UGUGUGUG 1 1540 CACACACA GGCTAGCTACAACGA ACACACAC | 3242* 

6992 I GUGUGUGU G UGUGUGUG | 1541 (CACACACA GGCTAGCTACAACGA ACACACACj 324? 
6994 
6996 



GUGUGUGU 



GU 



G UGUGUGUG [ 1542 CACACACA GGCTAGCTACAACGA ACACACAC 3244 
G UGUGUGUG 1 1543 ) CACACACA GGCTAGCTACAACGA ACACACAC) 32*4? 



6998 GUGUGUGU G UGUGUGUG 1544 CACACACA GGCTAGCTACAACGA ACACACAC | 3246 



7000 I GUGUGUGU G UGUGUGUG j 1545 | CACACACA GGCTAGCTACAACGA ACACACAC 3247 
7002 GUGUGUGU G UGUGUGUG 1546 | CACACACA GGCTAGCTACAACGA ACACACAC) 324? 



7004 j GUGUGUGU G UGUGUGUG j 1547 | CACACACA GGCTAGCTACAACGA ACACACAC 3249 
7006 GUGUGUGU G UGUGUGUG 1548 1 CACACACA GGCTAGCTACAACGA ACACACAC) 3250 



7008 GUGUGUGU G UGUGUGGG |l549 CCCACACA GGCTAGCTACAACGA ACACACAC) 3251 



7010 | GUGUGUGU G UGUGGGUG i 1550 CACCCACA GGCTAGCTACAACGA ACACACAC) 3252 



7012 I GUGUGUGU G UGGGUGUG I 1551 CACACCCA GGCTAGCTACAACGA ACACACAC | 3253 



7016 I GUGUGUGG G UGUGGGUG | 1552 CACCCACA GGCTAGCTACAACGA CCACACACj 3254 



7018 I GUGUGGGU G UGGGUGUA | 1553 TACACCCA GGCTAGCTACAACGA ACCCACAC I 3255 



7022 I GGGUGUGG G UGUAUGUG I 1554 CACATACA GGCTAGCTACAACGA CCACACCC) 3256 



7024 GUGUGGGU G UAUGUGUG I 1555 CACACATA GGCTAGCTACAACGA ACCCACAC I 3257 



7026 GUGGGUGU A UGUGUGUU I 1556 AACACACA GGCTAGCTACAACGA ACACCCAC| 3258 
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7028 | 


^MMMff^Mtfik *t TT-^TWY^tTYTCTTfT 

GGGUGUAU G UGUGUUUU 


1 CC7 2k 


a a ACACIA GGCTAGCTACAACGA ATACACCC 1 \ 


3259 I 


7030 ( 


v^wv^t. TVi^tTT ^1 TT^T¥^TT¥ 11 I**1TT 

GUGUAUGU G UGUUUUGU 


LD30 A 


rzvAAACA GGCTAGCTACAACGA ACATACACl ! 


3260 | 


7032 | 


GUAUGUGU G UUUUGUBC ! 




rPACAAAA GGCTAGCTACAACGA ACACATACl 


3261 j 


7037 | 


UGUGDOUU G UGCAUAAC 


1 CCA f2 


STT»ATGCA. GGCTAGCTACAACGA AAaACACAI 


3262 j 


7039 j 


UGUUUUGU G CAUAACUA 


1 CC1 T 


'TirprTATfi GGCTAGCTACAACGA ACAAAACAI 


3263 


7041 j 


UUUUGUGC A UAACUAUU 


1 CO TJ 


kUT'lirtTTA nCSCTAGCTAC21ACGA GCACAAAAl 


3264 \ 


7044 | 


UGUGCAUA A CUAUUUAA 


"1 ceo 1 


"PHTiATAO GGCTAGCTACAACGA TATGCACAl 


3265 | 


7047 | 


GCAUAACU A UUUAAGGA 


1 CCA 1 

1564 1 


vm&&& GGCTAGCTACAACGA AGTTATGCl 


3266 | 


7057 j 


UUAAGGAA A CUGGAAUU 


1 etc 1 


ltattppag GGCTAGCTACAACGA TTCCTTAAl 


3267 ] 


7063 


AAACUGGA A UUUUAAAG 


1566 ( 


Jl 1 1 AAAA w^Jwl*»AjV*AAV-«/7>wVX*\ iCUMlli 


3268 


7071 


AUUUUAAA G UUACUUUU 


1567 


lAAALaXAn V3V3l^ lJtuUlAUUU<\Jn 1 1 i/vmn^ 


3269 


7074 


UUaAAGUU A CUUUUAUA 


1568 


.AlAAAAvs tJoLliwLinij«iLUft amwa *■ 


3270 


7080 1 


UUACUUUU A UACAAACC 


1569 


"irtmntf»v«»i»7A /Tynr tr P7Art/" ,r P7vr , 7A Ar*fia AAAAGTAAi 


3271 1 


7082 


ACUUUUAU A CAAACCAA | 


1570 1 


ftmn t %i nnnttf^ /T^/*wi*7\/'^'n*7\f , 7AlVf GA &T&&&&f3Tl 
rTGGl I 1\3 u^liUjUlAtiuiUVatH AliUinriol | 


•J A / *» 


7086 


UUAUACAA A CCAAGAAU 


1571 


\TTCTTGG WjwlAwwlAl-J^wvat*! 1 iuiAinfi| 


3273 


7093 j 


AACCAAGA A UAUAUGCU | 


1572 


VGvZAi AX A VjviCliUjLlALnnvAui lv«lluUii| 


3274 1 


7095 j 


CCAAGAAU A UAUGCUAC ( 


1573 


3KABwjAX A 1 Ab w lAUiftUwi M.1 X w X A V3V7 1 


3275 ? 


7097 | 


AAGAAUAU A UGCUACAG | 


1574 


^HjIAnjwA vaijwxiWjwXAwiUlwVa** fti/iiiv»* 1 1 


3276 


7099 j 


GAAUAUAU G CUACAGAU ] 


1575 


j\ir»nnv«T7*/^ rs/ir w PaGr*T7iPJlAPGA ATATATTCl 


3277 ! 

J 


7102 | 


UAUAUGCU A CAGAUAUA | 


1576 


fT«7V r»17VT'^»»TV> /Tr^^rp7\/^|^rp7v OT\ 7\/**/^7V AGPATATAI 
XAlAlLlu uuUlAuUlnUviUVSn #W»w**X/»x^k| 


3278 1 


7106 | 


UGCUACAG A UAUAAGAC | 


1577 


riTr"T»T'74T7V rs/lPTTiGPTaPAAPGA PTGTAGPAI 
VaXwXxAXA OuUlnuvXnvnnvUn v**uiiwv<n| 


3279 1 


7108 j 


CUACAGAU A UAAGACAG | 


1578 


PTP'pr'TTa GGPTTiGPTaPAAPGA ATCTQTAGl 


3280 1 

•rf mm W I 


7113 j 


GAUAUAAG A CAGACAUG | 


1 C "7 O 

1579 


/"•iTGTPTG GGPTAGPT APAAPGA CTTATATC 1 
V«nXt9X w Xv3 uuUiAUVii inuwuwi w* ******* w 


3281 j 


7117 


UAAGACAG A CAUGGUUU f 


icon 


2V 7A a PPATG GGPTAGCTAPAACGA CTGTCTTA 
iuviwUnlw uvTUlnULlnwuivAzn wxv*xw***» 


3282 | 


WW ■* 4 W* 

7119 


AGACAGAC A UGGUUUGG | 


1 coi 


PPAAAPPA GGCTAGCTACAACGA GTCTGTCT 


3283 | 


7122 


j CAGACAUG G UUUCjbUi-l. 


1 COO 


GGACCAAA GGCTAGCTACAACGA CATGTCTG 


3284 | 


7127 


AUGGUUUG G ULL-UAUAU 




ATATAGGA GGCTAGCTACAACGA CAAACCAT 


1 3285 | 


7132 


UUGGUCLU A UnUUULUA 


1 CRA 


TAGAAATA GGCTAGCTACAACGA AGGACCAA 


3286 


7134 


GGUCCUAU A UUULUAUU 


13D3 


ACTAGAAA GGCTAGCTACAACGA ATAGGACC 


3287 


7141 


1 UAUUUCUA G UCAUuAUb 


1 1 CftK 


PATCATGA GGCTAGCTACAACGA TAGAAATA 


3288 ) 


7144 


| UUCUAGUC A UGAUGAAU 


i 1 CQ7 


ATTPATPA GGCTAGCTACAACGA GACTAGAA 


| 3289 


7147 


j UAGUCAUG A UGAAUGUA 


1 XDOO 


TACATTCA GGCTAGCTACAACGA CATGACTA 


3290 


7151 


| CAUGAUGA A UGUAUUUU 




AAAATAPA GGCTAGCTACAACGA TCATCATG 

InlVlXAVn www A«IUV» j,*iwm»vv^* *w^*»w»»»^ 


1 3291 j 


7153 


| UGAUGAAU G UAUUUUGU 


i i con 


ACAAAATA GGCTAGCTACAACGA ATTCATCA 


3292 


7155 


j AUGAAUGU A UUUUCjUAU 


1 T CQ1 
j 1371 


ATACAAAA GGCTAGCTACAACGA ACATTCAT 


3293 


« 4 w* w\ 

7160 


| UGUAUUUU G UAUACCAU 


1 *t COO 
lD7« 


ATGGTATA GGCTAGCTACAACGA AAAATACA 


J 3294 


7162 


j UAUUUUGU A UACCAUCU 


i 1 COI 
| lbzrJ 


AGATGGTA GGCTAGCTACAACGA ACAAAATA 


J 3295 


7164 


1 UUUUGUAU A CCAUCUUC 


1 1 C OA 


GAAGATGG GGCTAGCTACAACGA ATACAAA? 


J 3296 


7167 


I tti^i f 9k tin *K T Y/*fT TT T^l R TT7V 

| UGUAUACC A UCUUCAUA 


1 1 CQC 


TATGAAGA GGCTAGCTACAACGA GGTATACJ 


i\ 3297 1 


7173 


s rtriHTT/ii iit/i -fc TTY4 TTTI 7\ TT7A TT 

1 CCAUCUUC A UAUAAUAU 


1 1 CQC 
1 Xb7t3 


ATATTATA GGCTAGCTACAACGA GAAGATGC 


M 3298 


7175 


I AUCITUCAU A UAAUAUAC 


| 1597 


GTATATTA GGCTAGCTACAACGA ATGAAGA1 


? 3299 


7178 


1 UUCAUAUA A UAUACUUA 


| 1598 


TAAGTATA GGCTAGCTACAACGA TATATGAJ 


U 3300 


7180 


j CAUAUAAU A UACUUAAA 


1599 


TTTAAGTA GGCTAGCTACAACGA ATTATAK 


5 3301 


.7182 


| UAUAAUAU A CUUAAAAA 


j 1600 


TTTTTAAG GGCTAGCTACAACGA ATATTATJ 


U 3302 


7190 


ACUUAAAA A UAUUUCUU 


1601 


AAGAAATA GGCTAGCTACAACGA TTTTAAGTl 3303 


7192 


| UUAAAAAU A UUUCUUAA 


1602 


TTAAGAAA GGCTAGCTACAACGA ATTTTTAi 


\| 3304 | 


7200 


j AUUUCUUA A UUGGGAUU 


1 1603 


AATCCCAA GGCTAGCTACAACGA TAAGAAA' 


r 3305 j 


7206 


| UAAUUGGG A UUUGUAAU 


1604 


ATTACAAA GGCTAGCTACAACGA CCCAATT, 


H| 3306 j 


7210 


| UGGGAUUU G UAAUCGUA 


! 1605 


TACGATTA GGCTAGCTACAACGA AAATCCC 


JV| 3307 | 


7213 


) GAUUUGUA A UCGUACCA 


j 1606 


TGGTACGA GGCTAGCTACAACGA TACAAAT 


C 3306 


7216 


j UUGUAAUC G UACCAACU 


j 1607 


AGTTGGTA GGCTAGCTACAACGA GATTACA 


A 3309 j 


7218 


1 GUAAUCGU A CCAACUUA 


j 1608 


TAAGTTGG GGCTAGCTACAACGA ACGATTA 


C| 3310 | 
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7222 1 


UCGUACCA A CulIAAuUG | 


1 c n o I f 




3311 


7227 1 


CCAACUUA A UUGAUAAA | 


1 c i r\ It 
lolO |i 


°T i TaT , r , Aa rsnr^piirir'T'APAZir'nA TAAftTTf3Q 


3312 


7231 


CUUAAUUG A UAAACUUG | 


loll |t- 


lAiull 1 In uuLliUsUlnLnHLuii Uvil lAm 


"3313 


7235 


AUUGAUAA A CUUGGCAA | 


1612 |1 




3314 


i 7240 | 


I3AAACUUG G CAACUGCU | 


1613 \v 




3315 


7243 t 


ACUUGGCA A CUGCUUUU j 


1614 |* 




3316 


7246 j 


UGGCAACU G CUUUUAUG | 


1615 |( 




Jji / 


7252 


CUGCUUUU A UGUUCUGU | 


1616 |i 




OO X o 


7254 j 


GCUUUUAU G UUCUGUCU j 


1617 |J 




JjXj 


7259 


UAUGUUCU G UCUCCUUC | 


1618 |( 


3AAQ«aAGA GGLTI A15L. 1 AUAAvAiA AuAALAlA 




7269 | 


CUCCUUCC A UAAAUUUU j 


1619 |i 


\AAATTTA G Q C7 x AG L I ALAACviA uGAAuliAui 




7273 j 


UUCCAUAA A UUUUUCAA j 


1620 j* 


rTGAAAAA GG CTAGCTAC AA.CGA i 1 A ItauAA | 


■a too 


7283 | 


UUUUCAAA A UACUAAUU 


1621 |i 


^ATTAGTA GG CT AGCT ACAACGA I irviAAAA \ 




7285 


UUCAAAAU A CUAAUUCA S 


1622 | 


TGAATTAG GGCTAGCT ACAACGA ATTTTGAA| 


■a ^ i ii 1 
J Jz4 | 


7289 | 


AAAUACUA A UUCAACAA | 


1623 | 


TTGTTGAA GGCTAGCTACAACGA TAGTATTT J 




7294 j 


CUAAUUCA A CAAAGAAA j 


1624 ) 


TTTCTTTG GGCTAGCTACAACGA TGAATTAG | 




7305 


AAGAAAAA G CUCUUUUU | 


1625 j 


AAAAAGAG GGCTAGCTACAACGA TTTTTtTi I j 


•a *a 1*7 [ 


7323 | 


UUCCUAAA A UAAACUCA | 


1626 | 


TGAGTTTA GGCTAGCTACAACGA 11 i AbviAAJ 




7327 | 


UaAAAUAA A CUCAAAUU 


1627 | 


AATTTGAG GGCTAGCTACAACGA TTATTi 1AJ 


noo E 


7333 \ 


AAACUCAA A UUUAUCCU | 


1628 | 


AGGATAAA GGCTAGCTACAACGA TTUAul 1 1 1 


1 

JjJU | 


7337 1 


UCAAAUUU A UCCUUGUU | 


1629 ] 


AACAAGGA GGCTAGCTACAACGA AAAxl 1 viA j 




7343 


UUAUCCUU G UUUAGAGC j 


1630 | 


GCTCTAAA GGCTAGCTACAACGA AAWiAlAA] 




7350 j 


UGUUUAGA G CAGAGAAA i 


1631 j 


■mnwitrf'tf n/^ni/i rtn»^nii\ fi i*v ^^TV "JV ^^^^ TV ^p^^ P7V TV T\ ^^TV 1 

TTTCTCTG GGCTAGCxACAALGA iuiAAAuA] 


•a Tl *a I 


7360 


AGAGAAAA A UUAAGAAA 


1632 


TTTCTTAA GGCTAGU 1 ACAAUGA 111 1 \- id | 


JJJ4 I 


7370 


UAAGAAAA A CUUUGAAA | 


1633 ; 


mmmri« n" 7V/ 1 * /V^T'1l<^!r ,, PAr*3i Ar*f22L rprprp rp/~irr«rpn 1 
XxTCAAAG t^jt^ 1 AuL> lALAnUun llllUX An 


5335 ! 
j j j j I 


7378 


ACUUUGAA A UGGUCUCA 


1634 


1 GAGACCA cut liiuL lAUviLgn x x w*nnu i 


3"336 I 


7381 


UUGAAAUG G UCUCAAAA 


1635 


[ill 1 GAGA UuL liiw^- Jl AUnntA?**. Ull x x rvn 


3337 I 

I 


7391 


CUCAAAAA A UUGCUAAA 


lb Jo 


TT"n7\nr'7v a r*f»m , 7vf2r ,, r Af A Af*f*A 1TTTTGAG 
1 i lAULnn buU 1 AuU XnLAn^AJn ni*iunu 


3338 f 

«7 w ^ U 


7394 


AAAAAAUU G CUAAAUAU 


1637 


1 AT&TnvpAf* nr»m'ivt*2r w t*Ar , a ApnA a atttttt 

[ A1A1 1 1 AG uuLlAvit XAUvi^Vvi t\t\X lllii 


s 3339 I 


7399 


! AUUGCUAA A UAUUUUCA 


\ 1638 


xGAAAAxA wLlAuLlAV,>AAUjn l iHuunni 


! 3340 1 


7401 


j UGCUAAAU A UUUUCAAU 


1 1 CI Q 

1639 


1 AT TVaHTATA f2f2r*T , Hi*2r ,, PAr , AAirVllV ATTTAGCA 
AX IwAAAA uuL InUU lnUWV«un ni iinuvn 


3341 


7408 


| UAUUUUCA A UGGAAAAC 


[ 1640 


1 r"m v T u rr>r*& nfiPT , AOr ,, PAr , AAfVtA T6AAAATA 


1 3342 1 


7415 


1 AAUGGAAA A CUAAAUGU 


1641 


1 af^&TPTiira fa^r n rAnr , TAPAAfV3A TTTCCATT 


I 3343 1 


7420 


| AAAACUAA A UGUUAGUU 


| 164J 


1 7A ar ,r PaTir , Ti rjnr ,r ranf w rAr , AAPPJA TTARTTTT 

lAA^lAAlJA UUL InUv 1 ALnn^un i inm 1 1 * 


3344 1 


7422 


j AACUAAAU G UUAGUUUA 


1643 


| lAAriv^lAA ubUlAUVf lALAnV<UA nlll/Wii 


1 3345 1 


7426 


[ AAAUGUUA G UUUAGCUG 


| 1644 


1 f'Tvnr w T , j\ a ^ rsr , r w PAf2PTAPAliPntt TAAPATn* 
|LAuv>lAAA vjuU X AuU X AUnnvrVsn Xnnv.nx *■ a 


1 3346 


7431 


j UUAGUUUA G CUGAUUGU 


1 1645 


1 7i/*»ARi»/^Tir5 rt/lPTAflP'nAPAlVPrsii TJVAAPTAA 
IACAAxCAG GGCl/w^xAwiriVAar* ihnfti#i/« 


1 3347 


7435 


| UUUAGCUG A UUGUAUGG 


I 1646 


1 nfii>mi\n7i a i^t/'3/ v l , Af2P'T t AP3iAPfiA PAdPTAAA 
1 CvJAi ACAA GGC IAVjv. X AV-AAv-van uuu x /»«« 


1 3348 1 


7438 


1 AGCUGAUU G UAUGGGGU 


1 1647 


lnppr«pnn»a wrTanpraraaffla aatpacsCT 

|ACCCCAaA GGClAV3V*XAw4nXAa/» nftiuwux 


'1 3349 1 


7440 


j CUGAUUGU A UGGGGUUU 


| 1648 


I a A A ^"•/"^ri/t a /Wwp2kr2P*PHPllAfV3A liPHATPAC 
| AAACCCCA ouL XAuL X AUUttAan AUUiX WW 


•I 3350 1 


/ *±*± J 


ITRTTATTfTHfi R TTTTTTTTPfJAA 


1 1649 


TTCGAAAA GGCTAGCTACAACGA CCCATACS 


J 3351 


7453 


j GUUUUCGA A CCUUUCAC 


1650 


|gTGAAaGG GGCTAGCTACAACGA TCGAAAAC 


! 3352 


7460 


AACCUUUC A CUUUUUGU 


1651 


|aCAAAAAG GGCTAGCTACAACGA GAAAGGTx 


*j 3353 


7467 


j CACUUUUU G UUUGUUUU 


| 1652 


|aAAACAAA GGCTAGCTACAACGA AAAAAGTG 


$ 3354 


7471 


UUUUGUUU G UUUUACCU 


1653 


|aGGTAAAA GGCTAGCTACAACGA AAACAAAJ 


J 3355 | 


7476 


| UUUGUUUU A CCUAUUUC 


j 1654 


JGAAATAGG GGCTAGCTACAACGA AAAACAAJ 


J 3356 1 


7480 


1 UUUUACCU A UUUCACAA 


1 1655 


|tTGTGAAA GGCTAGCTACAACGA AGGTAAAJ 


V 3357 j 


7485 


| CCUAUUUC A CAACUGUG 


j 1656 


|CACAGTTG GGCTAGCTACAACGA GAAATAGC 


} 3358 


7488 


j AUUUCACA A CUGUGUAA 


1657 


|tTACACAG GGCTAGCTACAACGA TGTGAAAj 


r 3359 


7491 


UCACAACU G UGUAAAUU 


1658 


|aATTTACA GGCTAGCTACAACGA AGTTGTGJ 


V 3360 


7493 


j ACAACUGU G UAAAUUGC 


j 1659 


|gCAATTTA GGCTAGCTACAACGA ACAGTTG' 


r 3361 


7497 


1 CUGUGUAA A UUGCCAAU 


j 1660 


IaTTGGCAA GGCTAGCTACAACGA TTACACAC 


3| 3362 [ 
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7500 1 


UGUAAAUU G CCAAUAAU j 


1661 lA 


.TTATTGG GGCTAGCTACAACGA AAT'l J rACA| . 


3363 


7504 1 


AAUUGCCA A UAAUUCCU 1 


1662 |fl 


jGGAATTA GGCTAGCTACAACGA TGGCAATT| 


3364 


7507 


UGCCAAUA A UUCCUGUC j 


1663 G 


IaCAGGAA GGCTAGCTACAACGA TATTGQCAl 


3365 


7513 


UAAUUCCU G UCCAUGAA j 


1664 [a 


"TCATGGA GGCTAGCTACAACGA AGGAATTAl 


3366 


7517 


UCCUGUCC A UGAAAAUG j 


1665 |C 


lATTTTCA GGCTAGCTACAACGA GGACAGGAl 


3367 


7523 


CCAUGAAA A UGCAAMJU T 


1666 |J 


^ATTTGCA GGCTAGCTACAACGA TTTCATGGl 


3368 


7525 


AUGAAAAU G CAAAUUAU 


1667 i 


VTAATTTG GGCTAGCTACAACGA ATTTTCAT | 


3369 


7529 J 


AAAUGCAA A UUAUCCAG j 


166B |( 


:TGQATAA GGCTAGCTACAACGA TTGCATTTj 


3370 


7532 


UGCAAAUU A UCCAGUGU j 


1669 jl 


\CACTGGA GGCTAGCTACAACGA AATTTGCA 


3371 


7537 


AUUAUCCA G UGUAGAOA | 


1670 r 


rATCTACA GGCTAGCTACAACGA TGGATAATl 


3372 


7539 } 


UAaCCAGU G UAQAUAUA | 


1671 ' 


TATATCTA GGCTAGCTACAACGA ACTGGATA 


3373 


7543 


CAGUGUAG A UAUAUUUG T 


1672 I 


CAAATATA GGCTAGCTACAACGA CTACACTG 


3374 


7545 | 


GDGUAGAU A UAOOUGAC ] 


1673 j 


GTCAAATA GGCTAGCTACAACGA ATCTACAC 


3375 


7547 


GUAGAUAU A UUUGACCA 


1674 


TGGTCAAA GGCTAGCTACAACGA ATATCTAC 


3376 


7552 


UAUAUUUG A CCAUCACC 


1675 


GGTGATGG GGCTAGCTACAACGA CAAATATAj 


3377 


7555 


AUUUGACC A UCACCCUA j 


1676 j 


TAGGGTGA GGCTAGCTACAACGA GGTCAAAT 


3378 


755B 


UGACCAUC A CCCUAUGG ] 


1677 ] 


CCATAGGG GGCTAGCTACAACGA GATGGTCAl 


3379 


7563 


AUCACCCU A UGGAUAUU j 


1678 


AATATCCA GGCTAGCTACAACGA AGGGTGATl 


3380 


7567 


CCCUAUGG A UAUUGGCU 


1679 


AGCCAATA GGCTAGCTACAACGA CCATAGGG 1 


3381 


7569 


CUAUGGAU A UUGGCUAG \ 


1680 


CTAGCCAA GGCTAGCTACAACGA ATCCATAG] 


3382 


7573 


\ GGAUAUUG G CUAGUUUU 


, 1681 


AAAACTAG GGCTAGCTACAACGA CAATATCC 


3383 


7577 


| AUUGGCUA G UUUUGCCU 


| 1682 


AGGCAAAA GGCTAGCTACAACGA TAGCCAAT 


3384 


7582 


j CUAGUUUU G CCUUUAUU 


1683 


lAATAAAGG GGCTAGCTACAACGA AAAACTAG 


3385 


7588 


j UUGCCUUU A UUAAGCAA 


1 1684 


[ TTGCTTAA GGCTAGCTACAACGA AAAGGCAA 


| 3386 


| 7593 


j UUUAUUAA G CAAAUUCA 


1665 


ItGAATTTG GGCTAGCTACAACGA TTAATAAA 


| 3387 


1 7597 


j UUAAGCAA A UUCAUUUC 


1 1686 


IGAAATGAA GGCTAGCTACAACGA TTGCTTAA 


1 *K A t~\ 

\ 3388 


7601 


GCAAAUUC A UUUCAGCC 


[ 1687 


GGCTGAAA GGCTAGCTACAACGA GAAtutGC 


1 3389 


7607 


( UCAUUUCA G CCUGAAUG 


| 1688 


CATTCAGG GGCTAGCTACAACGA TGAAATGA 


| 3390 


1 7613 


j CAGCCUGA A UGUCUGCC 


1689 


GGCAGACA GGCTAGCTACAACGA TCAGGCTG 


| 3391 


1 7615 


GCCUGAAU G UCUGCCUA 


j 1690 


jTAGGCAGA GGCTAGCTACAACGA ATTCAGGC 


| 3392 


7619 


j GAAUGUCU G CCUAUAUA 


| 1691 




1 3393 


1 7623 


1 GUCUGCCU A UAUAUUCU 


1692 


lAGAATATA GGCTAGCTACAACGA AGGCAGAC 


' 3394 


1 7625 


1 CUGCCUAU A UAUUCUCU 


1693 


IaGAGAATA GGCTAGCTACAACGA ATAGGCAC 


\ 3395 


7627 


j GCCOAUAU A UUOJCUGC 


1694 


IgCAGAGAA GGCTAGCTACAACGA ATATAGGC 


M 3396 


7634 


j UAUUCUCU G CUCUUUGU 


1695 


IaCAAAGAG GGCTAGCTACAACGA AGAGAAT? 


J 3397 


| 7641 


1 UGCUCUUU G UAUUCUCC 


1696 


IGGAGAATA GGCTAGCTACAACGA AAAGAGCI 


\ 3398 


[7643 


| CUCUUUGU A UUCUCCUU 


1697 


IaAGGAGAA GGCTAGCTACAACGA ACAAAGAC 


5| 3399 


7655 


| UCCUUUGA A CCCGUUAA 


1698 


|tTAACGGG GGCTAGCTACAACGA TCAAAGG1 


\\ 3400 


1 7659 


I UUGAACCC G UUAAAACA 


1699 


ITGTTTTAA GGCTAGCTACAACGA GGGTTCAJ 


\\ 3401 


7665 


1 CCGUUAAA A CAUCCUGU 


1700 


ACAGQATG GGCTAGCTACAACGA T'fTAAOGt 


5 3402 


7667 


| GUUAAAAC A UCCUGUGG 


1701 


IcCACAGGA GGCTAGCTACAACGA GTTTTAAl 


:| 3403 


7672 


1 AACAUCCU G UGGCACUC 


| 1702 


|gAGTGCCA GGCTAGCTACAACGA AGQATGT' 


r| 3404 



Input Sequence = HSFLT. Cut Site = R/Y 

Arm Lmgth = 8. Core Sequence = GGCTAGCTACAACGA 

HSFLT (Human fit mRNA for receptor-related tyrosine kinase.; Acc# X51602; 7680 bp) 



WO 02/096927 



PCT/US02/17674 



127 



Table VI: Human KDR BNAzyme and Substrate seqraemce 



Substrate 



SeqHJ> 
No 



DNAzyMe 



SeqED) 
No 



14 IGUCCCGGG A CCCCGGQAI 340S | TCCCGGGG GGCTAGCTACAACGA CCCGGQAC 4691 



25 IcCGGQAGA G CGGUCAGU| 3406 | ACTGACCG GGCTAGCTACAACGA TCTCCOQQ 4692 

3407 1 CAGACTGA GGCTAGCTACAACGA CGCTCTCC I 4693 

"3 4OB I ACCACACA GGCTAGCTACAACGA TGACCGCT | 4694 

3409 I CGACCACA GGCTAGCTA CAACGA ACTGACCG | 4695 



28 iGGAGAGCG G UCAGUGUGj 
32 |aGCGGUCA G UGUGUC 
34 CGGUCAGU G UGUGGUCGl 



36 |gUCAGUGU G UGGUCGCUl 3410 I AGCGACCA GGCTAGCTACAACGA ACACTGAC 4696 

39 lAGUGOGUG G UCGCUGCG 3411 1 CGCAGCGA GGCTAGCTACAACGA CACACACT | 4697 
42 |GUGUGGUC G CUGCGUUU| 3412 

45 [UGGUCGCU G CGUUUCCU| 3413 ______ 

47 |gUCGCUGC G UUUCCUajl 3414 I AGAGGAAA GGCTAGCTACAACGA GC&QCGAC j 4700 

56 UUUCCUCU G CCUGCGCC 3415 [ GGCGCAGG GGCTAGCTACAACGA AGAGGAAA I 4701 



AAACGCAG GGCTAGCTACAACGA GACCACAC I 4698 
AGGAAACG GGCTAGCTACAACGA AGCGACCA \ 4617 



60 



CUCUGCCU G CGCCGGGC 3416 1 GCCCGGCG GGCTAGCTACAACGA AGGCAGAfl 4702 



62 CUGCCUGC G CCGGGCAU 3417 



67 lUGCGCCGG G CAUCACUU 3418 



ATGCCCGG GGCTAGCTACAACGA GCAGGCAG 4703 
AAGTGATG GGCTAGCTACAACGA CCGGCGCA | 4704 



69 I CGCCGGGC A UCACOUGcl 3419 | GCAAGTGA GGCTAGCTACAACGA GCCCGGCG 4705 



72 ICGGGCAUC A CUUGCGCGl 3420 | CGCGCAAG GGCTAGCTACAACGA GATGCCCQ 4706 



77^jAUCACUU G CGCGCCGCl 3421 | GCGGCGCG GGCTAGCTACAACGA AAGTGATG [ 4707 



78 



UCACUUGC G CGCCGCAGl 3422 1 CTGCGGCG GGCTAGCTACAACGA GCAAGTGA 4708 



80 



ACTIUQCQC G CCGCAGAAl 3423 I TTCTGCGG GGCTAGCTACAACGA GCGCAAGT 4709 



83 



UGCGCGCC G CAGAAAGUl 3424 | ACTTTCTG GGCTAGCTACAACGA GGCGCGCA 4710 



90 



CGCAGAAA G UCCGUCUGl 3425 



CAGACGGA GGCTAGCTACAACGA TTTCTGCG 



4711 

■ ■ i . 



94 



GAAAGUCC G UCUGGCAG 3426 



CTGCCAGA GGCTAGCTACAACGA GGACTTTC | 4712 



99 



UCCGUCUG G CAGCCUGG 3427 



CCAGGCTG GGCTAGCTACAACGA CAGACGGA | 4713 



102 



GUCUGGCA G CCUGGAUA 3428 
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913 lAAGCAAAA A UUAAUGAUI 3613 



917 lAAAAAUUA A UGAUGAAAl 3614 



ATCATTAA GGCTAGCTACAACGA TTTTGCTT 4899 
TTTCATCA GQCTAGCTACAACGA TAATTTTT 1 4900 



920 IaAUUAAUG A UOAAAGUUI 3615 



926 ItJGAUGAAA G UUACCAGU] 3616 



AACTTTCA GGCTAGCTACAACGA CATTAATT { 4901 
ACTGGTAA GGCTAGCTACAACGA TTTCATCA | 4902 



929 UGAAAGUU A CCAGUCUA 3617 | TAQACTQG GGCTAGCTACAACGA AACTTTCA \ 4903 



933 lAGUUACCA G UCUAUUADl 3618 | ATAATAGA GGCTAGCTACAACGA TGGTAACT [ 4904 



937 lACCAGUCU A UUAUGUACl 3619 1 GTACATAA GQCTAGCTACAACGA AGACTGGT 1 4905 



940 IaGUCUAUU A UGUACAUAl 3620 1 TATGTACA GGCTAGCTACAACGA AATAQACT 4906 



942 UCUAUUAU G UACAUAGU 3621 



944 lUAUUAUGU A CAOAGOUG 3622 



ACTAT GTA GGCTAGCTACAACGA ATAATAGA 4907 
CAACTATQ GQCTAGCTACAACGA ACATAATA | 4908 



946 lUUAUGUAC A UAGUUGUCl 3623 1 GACAACTA GQCTAGCTACAACGA GTACATAA | 4909 



949 lUGUACAUA G UUGUCGUUl 3624 1 AACGACAA GQCTAGCTACAACGA TATGTACA | 4910 



952 ACAUAGUU G UCGUUGUA 3625 



955 lUAGUUGUC G UDGUAGGGl 3626 



TACA ACGA GGCTAGCTACAACGA AACTATGT 4911 
CCCTACAA GGCTAGCTACAACGA GACAACTA 1 4912 



958 lUUGUCGUU G UAGGGUAU 3627 



963 IGUUGUAGG G UAUAGGAUl 3628 



965 lUGUAGGGU A UAGGAUUUl 3629 



ATACCCT A GGCTAGCTACAACGA AACGACAA 4913 
ATCCTATA GGCTAGCTACAACGA CCTACAAC [ 4914 
AAATCCTA GGCTAGCTACAACGA ACCCTACA | 4915 



970 GGUAUAGG A UUUAUGAUl 3630 | ATCATAAA GGCTAGCTACAACGA CCTATACC 4916 



974 UAGGAUUU A UGAUGUGGl 3631 I CCACATCA GGCTAGCTACAACGA AAATCCTA \ 4917 



977 IGAUUUAUG A UGUGGOUC| 3632 | GAACCACA GGCTAGCTACAACGA CATAAATC 4918 

CA6AACCA GGCTAGCTACAACGA ATCATAAA 4919 
ACTCAGAA GGCTAGCTACAACGA CACATCAT | 4920 



979 luUOAUGAU G UGGUUCUG 3633 



982 lAUGAUGUG G UUCUGAGU 3634 



989 GGUUCUGA G UCCGUCUCl 3635 | GAGACGGA GGCTAGCTACAACGA TCAGAACC 4921 



993 ICUGAGUCC G UCUCAUGGl 3636 I CCATGAGA GGCTAGCTACAACGA GGACTCAG \ 4922 



998 lUCCGUCUC A UGGAAUUG 3637 



1003 CUCAUGGA A UUGAACUA 3638 



CAA TTCCA GGCTAGCTACAACGA GAGACGGA I 4923 
TAGTTCAA GGCTAGCTACAACGA TCCATGAG I 4924 



1008 GGAAUUGA A CUAUC 



3639 I ACAGATAG GGCTAGCTACAACGA! TCAATTCC | 4925 



1011 AUUGAACU A UCUGUUGGl 3640 I CCAACAGA GGCTAGCTACAACGA AGTTCAAT | 4926 



101S AACUAUCU G UUGGAGAAl 3641 I TTCTCCAA GGCTAGCTACAACGA AQATAGTT | 4927 



1026 1 


GGAGAAAA G CUUGUCUU| 


3642 | 


AAGACAAG GGCTAGCTACAACGA TTTTCTCC 


4928 


1030 


AAAAGCUU G UCUUAAAUj 


3643 j 


ATTTAAGA GGCTAGCTACAACGA AAGCTTTT j 


4929 


103 7 1 


UGUCUUAA A UUGUACAg| 


3644 


CTGTACAA GGCTAGCTACAACGA TTAAGACA 1 


4930 


1040 


CUUAAAUU G UACAGCAA 


3645 


TTGCTGTA GGCTAGCTACAACGA AATTTAAG 1 


4931 


1042 


UAAAXJUGU A CAGCAAGA 


3646 


TCTTGCTG GGCTAGCTACAACGA ACAATTTA I 


4932 


1045 


AUUGUACA G CAAGAACU 


3647 


AGTTCTTG GGCTAGCTACAACGA TGTACAAT ! 


4933 


1051 


CAGCAAGA A CUGAACUA 


3648 


TAGTTCAG GGCTAGCTACAACGA TCTTGCTG 


4934 


1056 


AGAACUGA A CUAAAUGU 


3649 


| ACATTTAG GGCTAGCTACAACGA TCAGTTCT 


4935 


1061 


UGAACUAA A UGUGGGGA 


3650 


TCCCCACA GGCTAGCTACAACGA TTAGTTCA 


4936 


1063 


AACUAAAU G UGGGGAUU 


| 3651 


| AATCCCCA GGCTAGCTACAACGA A'rTTAGTT 


4937 


1069 


AUGUGGGG A UUGACUUC 


3652 


| GAAGTCAA GGCTAGCTACAACGA CCCCACAT 


4938 


1073 


GGGGAUUG A CUUCAACU 


| 3653 


1 AGTTGAAG GGCTAGCTACAACGA CAATCCCC 


| 4939 


1079 


UGACUUCA A CDGGGAAU 


3654 


1 ATTCCCAG GGCTAGCTACAACGA TGAAGTCA 


| 4940 



1086|AAC0GGGA A UACCCUUCl 3655 | GAAGGGTA GGCTAGCTACAACGA TCCCAGTT \ 4941 



1088ICUGGGAAU A CCCUUCUUl 3656 I AAGAAGGG GGCTAGCTACAACGA ATTCCCAG | 4942 



HOllUCUUCGAA G CAUCAGCAl 3657 I TGCTGATG GGCTAGCTACAACGA TTCGAAQA | 4943 



1103 lUUCGAAGC A UCAGCAUAI 3658 I TATQCTGA GGCTAGCTACAACGA GCTTCGAA | 4944 



1107 1 AAGCAUCA G CAUAAGAAl 3659 | TTCTTATQ GGCTAGCTACAACGA TQATGCTT | 4945 



1109 GCAUCAGC A UAAGAAACl 3660 I GTTTCTTA GGCTAGCTACAACGA GCTGATGC | 4946 



CAUAAGAA A CUUGUAAAl 3661 I TTTACAAG GGCTAGCTACAACGA TTCTTATG | 4947 



1116 
1120 
1124 

1130. _ 

113e|ACCUAAAA A CCCAGUCUl 3665 I AGACTGGG GGCTAGCTACAACGA TTTTAGGT | 4951 



lAGAAACUU G UAAACCGAl 3662 I TCGGTTTA GGCTAGCTACAACGA AAGTTTCT | 4948 



lACUUGUAA A CCGAGACCl 3663 I GGTCTCGG GGCTAGCTACAACGA TTACAAGT [ 4949 



AAACCGAG A CCUAAAAAl 3664 I TTTTTAGG GGCTAGCTACAACGA CTCGGTTT [4950 



132 



1143|AAAACCCA G UCUGGGAgI 3666 ( CTCCCAGA GGCTAGCTACAACGA TGGGTTTT I 4952 



1151 GUCOGGGA G UGAGAUGAl 3667 | TCATCTCA GGCTAGCTACAACQA TCCCAGAC 4953 



1156 IgGAGUGAG A UGAAGAAaI 3668 | TTTCTTCA GGCTAGCTACAACQA CTCACTCC 1 4954 



1164|AUGAAGAA A UUUUUGAGl 3669 



1172 AUUUUUQA G CAC( 



CTCAAAAA GGCTAGCTACAACQA TTCTTCAT 4955 
3670 rTTAAGGTG GGCTAGCTACAACQA TCAAAAAT | 4956 



1174TUODOGAGC A CCUUAACUI 3671 



1180 GCACCDUA A CUAUAGAtl] 3672 



AGTTAAflG GGCTAGCTACAACGA QCTCAAAA 4957 
ATCTATAG GGCTAGCTACAACQA TAAGGTGC | 4958 



|U83lCCDUAACU A UAGAUGGUl 3673 1 ACCATCTA GGCTAGCTACAACGA AGTTAAGG 4959 

l ll87lAACaAaAG A UGGUGUAA 3674 TTACACCA GGCTAGCTACAACGA CTATAGTT 1 496o"" 

[11901UAUAGADG G UGUAACCC 3675 GGGTTACA GGCTAGCTACAACQA CATCTATA 496T 

ll l92|x3AGAUGGU G UAACCCGG| 3676 CCGGGTTA GGCTAGCTACAACQA ACCATCTA 4962 

|1195|AUGGUGUA A CCCGGAGUI 3677 ACTCCGGG GGCTAGCTACAACGA TACACCAT 4963" 

i 1 2 0 2 1 AACCCGGA G UGACCAAG 3678 j CTTGGTCA GGCTAGCTACAACQA TCCGGGTT | 4964 



l l20s|cCGGAGOG A CCAAGGAU| 3679 I ATCCTTGG GGCTAGCTACAACGA CACTCCGQ 4965 

1212 [gACCAAGG A UUGUACACl 3680 GTGTACAA GGCTAGCTACAACQA CCTTGGTC 4966 

1 215lcAAGGAUU G UACACOJGl 3681 CAGGTGTA GGCTAGCTACAACGA AATCCTTG j 4967 

121 7|AGGAUUGU A CACCUGUg| 3682 CACAGGTG GGCTAGCTACAACQA ACAATCCT 4968 

1219 |GAUUGUAC A CCUGUGCa| 3683 TGCACAGG GGCTAGCTACAACQA GTACAATC 4969 

12231gUACACCU G TJGCAGCAuj 3684 | ATGCTGCA GGCTAGCTACAACGA AGGTGTAC | 4970 

l l225|ACACCUGU G CAGCAUCc| 3685 GGATGCTG GGCTAGCTACAACGA ACAGGTGT 497r 

|l228|cCUGUGCA G CAUCCAGUl 3686 ACTGGATG GGCTAGCTACAACQA TGCACAGG 4972 

l l230|UGUGCAGC A UCCAGUGgI 3687 CCACTGGA GGCTAGCTACAACGA GCTGCACA I 4973 

12351AGCAUCCA G UGGGCUGa| 3688 TCAGCCCA GGCTAGCTACAACQA TGGATGCT 497^ 

1239 luCCAGUGG G CUGAUGAc| 3689 GTCATCAG GGCTAGCTACAACGA CCACTGGA [ 4975 

1243|gU GGGQJG A UGACCAAG| 3690 | CTTGGTCA GGCTAGCTACAACGA CAGCCCAC | 4976 

1246 GGCUGAUG A CCAAGAAG 3691 | CTTCTTGG GGCTAGCTACAACGA CATCAGCC | 4977 



1256|CAAGAAGA A CAGCACAU| 3692 
1259 GAAGAACA G CACAUUUG 3693 



ATGTGCTG GGCTAGCTACAACGA TCTTCTTG 497B 
CAAATGTG GGCTAGCTACAACGA TGTTCTTC I 4979 



126l|AGAACAGC A CAUUUGUCl 3694 I GACAAATG GGCTAGCTACAACQA GCTGTTCT 4980 

12631AACAGCAC A UUUGUCAol 3695 CTGACAAA GGCTAGCTACAACGA GTGCTGTT j 4981 

12671G CACAUUU G UCAGGGUc| 3696 | GACCCTGA GGCTAGCTACAACGA AAATGTGC I 4982 

1273 UUGUCAGG G UCCAUGAAl .3697 1 TTCATGGA GGCTAGCTACAACQA CCTGACAA I 4983 



1277|cAGG GaCC A UQAAAAAC| 3698 | QTTTTTCA GGCTAGCTACAACGA GGACCCTG 4984 
1284|CAUGAAAA A CCUUUUGU 3699 ACAAAAGG GGCTAGCTACAACQA TTTTCATG 4985 
|l291|AACCUaUU G UUGCUUUul 3700 [ AAAAGCAA GGCTAGCTACAACGA AAAAGGTT I 4986 



12941CUUUUGUU G CUUUUGGA| 3701 I TCCAAAAG GGCTAGCTACAACGA AACAAAAG 4987 

1304| uaUUGGAA G UGGCAUGGj 3702 CCATGCCA GGCTAGCTACAACQA TTCCAAAA 1 4988 

130'7|U GGAAQUQ G CAUQGAAu| 3703 [ ATTCCATG GGCTAGCTACAACGA CACTTCCA 4989 

1309 GAAGUGGC A UGGAAUCUj 3704 | AGATTCCA GGCTAGCTACAACGA GCCACTTC | 4990~ 



1314|GGCAOGGA A UCUCUGGU| 3705 I ACCAGAGA GGCTAGCTACAACGA TCCATGCC 4991 
1321 j AAUCUCUG G UGGAAGCcI 3706 | GGCTTCCA GGCTAGCTACAACGA CAQAGATT | 4992* 



,1327|UGGOGGAA G CCACGGUG| 3707 1 CACCGTGG GGCTAGCTACAACGA TTCCACCA 4993 

1330|UGGAAGCC A CGGUGGGgI 3708 CCCCACCG GGCTAGCTACAACGA GGCTTCCA 499? 

1333|AAGCCACG G UGGGGGAG| 3709 CTCCCCCA GGCTAGCTACAACQA OGTGGCTT 4995 

1341|QUGGGGQA G COUGUCAG 3710 1 CTGACACG GGCTAGCTACAACGA TCCCCCAC | 499T 



13 43 [GGGGGAGC G UGUCAGAAl 3711 | TTCTQACA GGCTAGCTACAACGA QCTCCCCC 4997 
1345 GGGAGCGU G UCAGAAUC 3712 | GATTCTGA GGCTAGCTACAACGA ACQCTCCC | 4998 



13511 



A A UCCCUGCGl 3713 I CGCAGGGA GGCTAGCTACAACGA TCTGACAC | 4999 



1357|GAAUCCCU G CGAAQUACl 3714 I GTACTTCG GGCTAGCTACAACQA AGGQATTC | 5000 



1362|CCUGCGAA G UACCUUGG| 3715 I CCAAGGTA GGCTAGCTACAACGA TTCGCAGG 5001 
1364 UGCGAAGU A CCUUGGUUl 3716 1 AACCAAGQ GGCTAGCTACAACQA ACTTCGCA | SOoT 



1370|GUACCUUG G UUACCCACl 3717 I GTGGGTAA GGCTAGCTACAACGA CAAGGTAC | 5003 



1373ICCUUGGUU A CCCACCCCl 3718 I GGGGTGGG GGCTAGCTACAACGA AACCAAGQ 



5004 
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1377 


3GUUACCC A CCCCCA6A 


3719 f 


TCTGGGGG GGCTAGCTACAACGA GGGTAACC | 


5005 1 


1387 i 


CCCCAGAA A tXAAAAUGG 


3720 | 


CCATTTTA GGCTAGCTACAACGA TTCTGGGG | 


5006 


1392 


SAAAUAAA A UGGUAUAA 


3721 j 


TTATACCA GGCTAGCTACAACGA TTTATTTC | 


5007 


11395 


AUAAAAUG 6 UAUAAAAA 


3722 | 


TTTTTATA GGCTAGCTACAACGA CATTTTAT | 


5008 


1397 


AAAAUGGU A UAAAAAUG 


3723 j 


CATTTTTA GGCTAGCTACAACGA ACCATTTT | 


5009 


Il403 


GUAIIAAAA A UGGAAUAC 


3724 [ 


GTATTCCA GGCTAGCTACAACGA TTTTATAC | 


5010 


11408 


AAAAUQGA A UACCCCUU 


3725 j 


AAGGGGTA GGCTAGCTACAACGA TCCATTTT | 


5011 


Il410 

I *U W 


AAUGGAAU A CCCCDUGA 


3726 1 


TCAAGGGG GGCTAGCTACAACGA ATTCCATT ] 


5012 


Il419 


CCCCUUGA G UCCAAUCA 


3727 


TGATTGGA GGCTAGCTACAACGA TCAAGGGG 


5013 


fl424 


UGAGUCCA A UCACACAA 


3728 


TTGTGTGA GGCTAGCTACAACGA TGGACTCA 


5014 


fl427 


GUCCAAUC A CACAAUUA 


3729 


TAATTGTG GGCTAGCTACAACGA GATTGGAC 


5015 


1429 


CCAAUCAC A CAAUUAAA 


3730 


| TTTAATTG GGCTAGCTACAACGA GTGATTGG 


5016 


[l432 


AUCACACA A UUAAAGCG 


3731 


| CGCTTTAA GGCTAGCTACAACGA TGTGTGAT 


5017 


1438 


CAAUUAAA G CGGGGCAU 


3732 


| ATGCCCCG GGCTAGCTACAACGA TTTAATTG 


5018 


1443 


AAAGCGGG G CAUGUACU 


f 3733 


| AGTACATG GGCTAGCTACAACGA CCCGCTTT 


| 5019 


[1445 


AGCGGGGC A UGUACUGA 


| 3734 


| TCAGTACA GGCTAGCTACAACGA GCCCCGCT 


5020 


[l447 


CGGGGCAU G UACUGACG 


j 3735 


| CGTCAGTA GGCTAGCTACAACGA ATGCCCCG 


5021 


|l449 


GGGCAUGU A CUGACGAU 


1 3736 


1 ATCGTCAG GGCTAGCTACAACGA ACATGCCC 


5022 


|1453 


AUGUACUG A CGAUUAUG 


( 3737 


[ CATAATCG GGCTAGCTACAACGA CAGTACAT 


j 5023 


1456 


|UACUGACG A UUAUGGAA 


3738 


j TTCCATAA GGCTAGCTACAACGA CGTCAGTA 


5024 


1459 


juGACGAUU A UGGAAGUG 


j 3739 


j CACTTCCA GGCTAGCTACAACGA AATCGTCA 


5025 



14 65lUUAUQGAA G UGAGUGAA| 3740 | TTCACTCA GGCTAGCTACAACGA TTCCATAA 5026 

1469 [GGAAGUGA G UGAAAGAG| 3741 | CTCTTTCA GGCTAGCTACAACGA TCACTTCC I 5027 

1478 [UGAAAGAG A CACAGGAa| 3742 | TTCCTGTG GGCTAGCTACAACGA CTCTTTCA I 5028 

14 80|AAAGAGAC A CAQGAAAU| 3743 | ATTTCCTG GGCTAGCTACAACGA GTCTCTTT I 5029 

1487|cACAGGAA A UUACACUG| 3744 | CAGTGTAA GGCTAGCTACAACGA TTCCTGTG I 5030 

1490 AGGAAAUU A CACUGUCA 3745 TGACAGTG GGCTAGCTACAACGA AATTTCCT I 5031 



1492 GAAAUUAC A CUGUCAUC 3746 



GATGACAG GGCTAGCTACAACGA GTAATTTC 



5032 



1495|AUU ACACU G UCAUCCUUj 3747 | AAGGATGA GGCTAGCTACAACGA AGTGTAAT 5033 
1498|ACACUGUC A UCCUUACc| 3748 | GGTAAGGA GGCTAGCTACAACGA GACAQTGT 1 5034 
1504 UCAUCCUU A CCAAUCCC 3749 GGGATTGG GGCTAGCTACAACGA AAGGATGA I 5035 



1508 ICCUUACCA A UCCCAUUU 3750 AAATGGGA GGCTAGCTACAACGA TGGTAAGG 5036 



1513 CCAAUCCC A UUUCAAAG| 3751 | CTTTGAAA GGCTAGCTACAACGA GGGATTGG 5037 
15 27|aAGGAGAA G CAGAGCCa| 3752 | TGGCTCTG GGCTAGCTACAACGA TTCTCCTT SpIT 
1532|GAAGCAGA G CCAUGUGGj 3753 | CCACATGG GGCTAGCTACAACGA TCTGCTTC | 5039 



15 35|GCAGAGCC A UGUGGUCU| 3754 | AGACCACA GGCTAGCTACAACGA GGCTCTGC 5040 

1537|AGAGCCAU G UGGUCUCu| 3755 | AGAGACCA GGCTAGCTACAACGA ATGQCTCT I 5041 

|1540|QCCAUGUG G UCUCUCUG] 3756 | CAGAGAGA GGCTAGCTACAACGA CACATGGC I 5042 

1549|UCUCUCUG G UUG UGUAUj 3757 | ATACACAA GGCTAGCTACAACGA CAGAGAGA 1 5043 

1 1552 CUCUGGUU G UGUAUGUC 3758 1 GACATACA GGCTAGCTACAACGA AACCAGAG | 5044 



1554 CUGGUUGU G UAUGUCCC 3759 GGGACATA GGCTAGCTACAACGA ACAACCAG 5045 



1556 GG 



A UGUCCCAC 3760 GTGGGACA GGCTAGCTACAACGA ACACAACC 5046 



15 58|UUGUGUAU G UCCCACCC| 3761 [ QGQTGGQA GGCTAGCTACAACGA ATACACAA 5047 
1563 UAUGUCCC A CCCCAGAul 3762 | ATCTGGGG GGCTAGCTACAACGA GGGACATA | 5048 



1570|CA CCCCAG A UUGGUQAG) 3763 | CTCACCAA GGCTAGCTACAACGA CTGGGGTG | 5049 
1574 CCAGAUUG G UGAGAAAU 3764 ATTTCTCA GGCTAGCTACAACGA CAATCTGG I 5050 



1581 GGUGAGAA A UCUCUAAU 3765 I ATTAGAGA GGCTAGCTACAACGA TTCTCACC 5051 



1588 IaAUCUCUA A UCUCUCCU 3766 AGGAGAGA GGCTAGCTACAACGA TAGAGATT 5052 



1597 1 UCUCUCCU G UGGAUUCC| 3767 | GGAATCCA GGCTAGCTACAACGA AGGAGAGA | 5053 
1601 UCCUGUGG A UUCCUACC 3768 GGTAGGAA GGCTAGCTACAACGA CCACAGGA I 5054 



1607 GGAUUCCU A CCAGUACG 3769 CGTACTGG GGCTAGCTACAACGA AGGAATCC 5055 



161l|UCCUACCA G UACGGCAC 3770 GTGCCGTA GGCTAGCTACAACGA TGGTAGGA 5056 



1613 [CUACCAGU A CGGCACCA 3771 TGGTGCCG GGCTAGCTACAACGA ACTGGTAG I 5057 
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1616 1 


rCAGUACG G CACCACUCl 


3772 ! 


GAGTGGTG GGCTAGCTACAACGA CGTACTGG 1 


5058 


1618 i 


AGUACGGC A CCACUCAa| 


3773 


TTGAGTGG GGCTAGCTACAACGA GCCGTACT 


5059 


i a i 1 


ACGGCACC A CUCAAACG| 


3774 j 


CGTTTGAG GGCTAGCTACAACGA GGTGCCGT 


5060 


1627 


CCACUCAA A CGCUGACA| 


3775 


TGTCAGCG GGCTAGCTACAACGA TTGAGTGG | 


5061 


1629] 


ACUCAAAC 6 CUGACAUG| 


3776 


CATGTCAG GGCTAGCTACAACGA GTTTGAGT | 


5062 


1633 1 


AAAC6CUG A CAUGUACG 


3777 j 


CGTACATG GGCTAGCTACAACGA CAGCGTTT | 
ACCGTACA GGCTAGCTACAACGA GTCAGCGT | 


5063 
5064 


1635 
1637 


ACGCUGAC A UGUACGGU 
[GCUOACAU G UACGGUCU 


3778 
3779 


AGACCGTA GGCTAGCTACAACGA ATGTCAGC 


5065 


1639 


jUGACAUGU A CGGUCUAU 


| 3780 


ATAGACCG GGCTAGCTACAACGA ACATGTCA 


5066 


1642 


| CAUGUACG G UCUAUGCC 


| 3781 


| GGCATAGA GGCTAGCTACAACGA CGTACATG 


j 5067 


1646 


UACGGUCU A UGCCAUUC 


§ 3782 


1 GAATGGCA GGCTAGCTACAACGA AGACCGTA 


| 5068 


1648 


j CGGUCUAU G CCAUUCCU) 3783 


1 AGGAATGG GGCTAGCTACAACGA ATAGACCG 


1 5069 


1651 


UCUAUGCC A UUCCUCCC 3784 


1 GGGAGGAA GGCTAGCTACAACGA GGCATAGA 


J 5070 



|1662|CCUCCCCC G CAUCACAUl 3785 I ATGTGATG GGCTAGCTACAACGA GGGGGAGG | 5071 



1664 UCCCCCGC A UCACAUCCl 3786 | GGATGTGA GGCTAGCTACAACGA GOGQGGGA | 5072 



1667 CCCGCAUC A CAUCCACUl 3787 | AGTGGATG GGCTAGCTACAACGA GATGCQGQ \ 5073 



|1669|CGCAUCAC A UCCACUGGl 3788 TcCAGTGGA GGCTAGCTACAACGA GTGATGCG | 5074 



1673 UCACAUCC A CUGGUAUUl 3789 I AATACCAG GGCTAGCTACAACGA GGATGTGA | 5075 



11677 AUCCACUG G UAUUGGCAl 3790 [TGCCAATA GGCTAGCTACAACGA CAGTGGAT | 5076 



|1679|CCACUGGU A UUGGCAGUl 3791 I ACTGCCAA GGCTAGCTACAACGA ACCAQTGG | 5077 



ll683| UGGUAUUG G CAGUUGGA] 3792 | TCCAACTG GGCTAGCTACAACGA CAATACCA 507B 
1686|UAUUGGCA G UUGGAGGaI 3793 1 TCCTCCAA GGCTAGCTACAACGA TGCCAATA I 5079 
1698 GAGGAAGA G UGCGCCAA 3794 1 TTGGCGCA GGCTAGCTACAACGA TCTTCCTC | 508o" 



j 1700 | gGAAGAGU G CGCCAACG| 3795 [ CGTTGGCG GGCTAGCTACAACGA ACTCTTCC 5081 
1 1702 IaAGAGUGC G CCAACGAG 3796 | CTCGTTGG GGCTAGCTACAACGA GCACTCTT | 5082 



17061G UGCGCCA A CGAGCCCA| 3797 [ TGGGCTCG GGCTAGCTACAACGA TGGCGCAC 5083 

171QlGCCftACQA Q CCCAGCCaI 3798 TGGCTGGG GGCTAGCTACAACGA TCGTTGGC | 5084 

j l715|CGAGCCCA G CCAAGCUg| 3799 CAGCTTGG GGCTAGCTACAACGA TGGGCTCG 

11720 CCAGCCAA G CUGOCUCA 3800 | TGAGACAG GGCTAGCTACAACGA TTGGCTGG 



5085 
5086 



1723 GCCAAGCU G UCUCAGUGl 3801 I CACTGAGA GGCTAGCTACAACGA AGCTTGGC | 5087 



1729|CUGQCUC A G UGACAAAC| 3802 | GTTTGTCA GGCTAGCTACAACGA TGAGACAG 5088 

1732|UC UCAGUG A CAAACCCa| 3803 | TGGGTTTG GGCTAGCTACAACGA CACTGAGA j 5089 

1736|AGUGACAA A CCCAUACC| 3804 GGTATGGG GGCTAGCTACAACGA TTGTCACT 509o" 

ll740|AC AAACCC A UACCCUUg| 3805 | CAAGGGTA GGCTAGCTACAACGA QGGTTTGT I 5091 

1742 AAACCCAU A CCCUUGUG 3806 1 CACAAGGG GGCTAGCTACAACGA ATGGGTTT | 5092" 



| 1748|AUACCCUU G UGAAGAAU| 3807 I ATTCTTCA GGCTAGCTACAACGA AAGGGTAT 5093 
1755 UGUGAAGA A UGGAGAAG 3808 1 CTTCTCCA GGCTAGCTACAACGA TCTTCACA | 5094 



ll763lA UQGAGAA G UQUGGAGG) 3809 | CCTCCACA GGCTAGCTACAACGA TTCTCCAT 5095 
11765|GGAGAAGU G UGGAGGACj 3810 [ GTCCTCCA GGCTAGCTACAACGA ACTTCTCC | 5096 

3811 1 CCTGGAAG GGCTAGCTACAACGA CCTCCACA | 5097 



1772 UGUGGAGG 



A CUUCCAGG 



1787 [GGG AGGAA A UAAAAUUG| 3B12 | CAATTTTA GGCTAGCTACAACGA TTCCTCCC I 5098 
1792 GAAAUAAA A UUGAAGUul 3B13 | AACTTCAA GGCTAGCTACAACGA TTTATTTC | 5099 



1798|AAAUUGAA G UUAAUAAAI 3B14 I TTTATTAA GGCTAGCTACAACGA TTCAATTT | 5100 



1802|UGAAGUUA A XJAAAAAUCl 3815 I GATTTTTA GGCTAGCTACAACGA TAACTTCA | 5101 



1808 lUAAUAAAA A UCAAUUUG 3816 



118121 



rCA A UUUGCUCU 3817 



CAAATTGA GGCTA GCTACAACGA TTTTATTA I 5102 
AGAGCAAA GGCTAGCTACAACGA TGATTTTT I 5103 
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2608 



UUAUUCUA G UAGGCACG 3996 



CGTGCCTA GGCTAGCTACAACGA TAGAATAA 5282 



2612 



UCUAGUAG G CACGGCGG 3997 



CCGCCGTG GGCTAGCTACAACGA CTACTAGA 5283 



2614 



UAGUAGGC A CGG 



G 3998 



CACCGCCG GGCTAGCTACAACGA GCCTACTA 5284 



2617 



UAGGCACG G CGGUGAUU 3999 



AATCACCG GGCTAGCTACAACGA CGTGCCTA 5285 



2620 



GCACGGCG G UGAUUGCC 4000 



GGCAATCA GGCTAGCTACAACGA CGCCGTGC 5286 



2623 



CGGCGGUG A UUGCCAUG 4001 



CATGGCAA GGCTAGCTACAACGA CACCGCCG 5287 



2626 



CGGUGAUU G CCAUGUUCl 4002 GAACATGG GGCTAGCTACAACGA AATCACCG | 5288 



2629 



UGAUUGCC A UGUUCUUCl 4003 GAAGAACA GGCTAGCTACAACGA GGCAATCA [ 5289 



2631 



AUUGCCAU G UUCUUCUGl 4004 CAGAAGAA GGCTAGCTACAACGA ATQGCAAT | 5290 



2640 



UUCUUCUG G CUACUUCUl 4005 AGAAGTAG GGCTAGCTACAACGA CAGAAGAA | 5291 



2643 



UUCUGGCU A CUUCUUGUl 4006 I ACAAGAAG GGCTAGCTACAACGA AQCCAGAA | 5292 



2650 



UACUUCUU G UCAUCAUCl 4007 J GATGATGA GGCTAGCTACAACGA AAGAAGTA | 5293 



2653|U UCUUGUC A UCAUCCUA| 4008 | TAGGATGA GGCTAGCTACAACGA QACAAGAA 5294 
2656 UUGUCAUC A UCCUACGG 4009 | CCGTAGQA GGCTAGCTACAACGA GATGACAA | 5295 



2661 AUCAUCCU A CGGACCGUl 4010 



ACGGTCCG GGCTAGCTACAACGA AGGATGAT I 5296 



2665 [UCCUACGG A CCGUUAAG| 4011 CTTAACGG GGCTAGCTACAACGA CCGTAGQA 5297 

2668 [u ACGGACC G UUAAGCGg] 4012 | CCGCTTAA GGCTAGCTACAACGA GGTCCGTA 1 5298 

2673|aCCGUUAA G CGGGCCAa| 4013 TTGGCCCG GGCTAGCTACAACGA TTAACGGT 5299 

2677 luUAAGCGG G CCAAUGGA 4014 | TCCATTGG GGCTAGCTACAACGA CCGCTTAA | 5300 



268 1|GCGGGCCA A UGGAGGGG| 4015 | CCCCTCCA GGCTAGCTACAACGA TGGCCCGC 5301 
26911GGAG GGGA A CUGAAGAC| 4016 | GTCTTCAG GGCTAGCTACAACGA TCCCCTCC 5302 
2698 AACUGAAG A CAGGCOAC 4017 1 GTAGCCTG GGCTAGCTACAACGA CTTCAGTT | 5303 



]270 2lGAAGACAG G CUACUUGU| 4018 | ACAAGTAG GGCTAGCTACAACGA CTGTCTTC 5304 
2705 GACAGGCU A CUUGUCCA 4019 1 TGGACAAG GGCTAGCTACAACGA AGCCTGTC | 53 oi" 



270 9|GGCUACUU G UCCADCGU| 4020 | ACGATGGA GGCTAGCTACAACGA AAGTAGCC 5306 
2713 ACUUGUCC A UCGUCAUgI 4021 | CATGACGA GGCTAGCTACAACGA GGACAAGT | 5307 



2716|UGUCCAUC G UCAUGGADl 4022 ATCCATGA GGCTAGCTACAACGA GATGGACA | 5308 



271 91CCAUCGUC A UGGAUCCA| 4023 | TGGATCCA GGCTAGCTACAACGA GACGATGG 5309 
12723 CGUCAUGG A UCCAGAUG 4024 ] CATCTGGA GGCTAGCTACAACGA CCATGACG | 5310 



|2729|GGAUCCAG A UGAACUCCl 4025 I GGAGTTCA GGCTAGCTACAACGA CTGGATCC | 5311 



[27331CCAGAUGA A CUCCCAUU| 4026 I AATGGGAG GGCTAGCTACAACGA TCATCTGG 5312 
2739 GAACUCCC A UUGGAUGAl 4027 | TCATCCAA GGCTAGCTACAACGA GQGAGTTC | 5313 



2744|CCCAUUGG A UGAACAUU) 4028 | AATQTTCA GGCTAGCTACAACGA CCAATGGG 5314 

j 2748|UUGGAUQA A CAUUGUGa| 4029 1 TCACAATG GGCTAGCTACAACGA TCATCCAA I 5315 

275o|gQAUGAAC A UUGUGAAcj 4030 GTTCACAA GGCTAGCTACAACGA GTTCATCC 5316 

12753|UQAACAUU G UGAACGACj 4031 | GTCGTTCA GGCTAGCTACAACGA AATGTTCA [ 5317 

2757|CAUUGUGA A CGACUGCq 4032 | GGCAGTCG GGCTAGCTACAACGA TCACAATG 5318 

2760 UGUGAACG A CUGCCUUA 4033 I TAAGGCAG GGCTAGCTACAACGA CGTTCACA | 5319 



2763 IGAACGACU G CCUUAUGaI 4034 I TCATAAGG GGCTAGCTACAACGA AGTCGTTC | 5320 



2768 1 ACUGCCUU A UGAUGCCAl 4035 I TGGCATCA GGCTAGCTACAACGA AAGGCAGT | 5321 



277l|GCCUUAUG A UGCCAGCAl 4036 TtGCTGGCA GGCTAGCTACAACGA CATAAGGC [ 5322 
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2773|CUUAUGAU G CCAGCAAA 



2777 UGAUGCCA G CAAAUGGG 



2781IGCCAGCAA A UGGGAAUU 



2787 | AAAUGGQA A UUCCCCAG 
2798|CCCCAGAG A CCGGCUGA 



2802 AGAGACCG G CUGAAGCU 



2 808|CGGCPGAA G CUAGGUAA 
2813 jGAAGCUAG G UAAGCCUC 
2817 1 CUAGGUAA G CCUCUUGG 
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7o37 I TTTGCTGG GGCTAGCTACAACGA ATCATAAG 



7038 I CCCATTTG GGCTAGCTACAACGA TGGCATCA 



~4Q39 1 AATTCCCA GGCTAGCTACAACGA TTGCTOGC 



404 0 | CTGGGQAA GGCTAGCTACAACGA TCCCATTT 
"4041 1 TCAGCCGG GGCTAGCTACAACGA CTCTGGGQ 



4042 I AGCTTCAG GGCTAGCTACAACGA CGGTCTCT 



2825IGCCOCUUG G CCGUGGUG 



28 28|UCUUGGCC G UGGUGCCU 
2831 UGGCCGUG G UGCCUUUG 



2833 [GCCGUGGU G CCUUUGGC 
284o|uGCCUUUG G CCAAGUGA 
2845 UUGGCCAA G UGAUUGAA 



2848 GCCAAGUG A UUGAAGCA 



4043 
4044 
4045 



TTACCTAG GGCTAGCTACAACGA TTCAGCCG 
GAGGCTTA GGCTAGCTACAACGA CTAGCTTC 



5323 



5324 



5325 



5326 
5327 



5328 



5329 
5330 



CCAAGAGG GGCTAGCTACAACGA TTACCTAG | 5331 



4046 1 CACCACGG GGCTAGCTACAACGA CAAGAGGC | 5332 



4047 | AQQ CACCA GGCTAGCTACAACGA GGCCAAGA 5333 
404B 1 CAAAGGCA GGCTAGCTACAACGA CACGQCCA I 5334 



4049 | GCCAAAGG GGCTAGCTACAACGA ACCACGGC I 5335 
"4050 I T CACTTGG GGCTAGCTACAACGA CAAAGGCA 1 5336 
"4051 1 TTCAATCA GGCTAGCTACAACGA TTQGCCAA I 5337 



"4052 I TGCTTCAA GGCTAGCTACAACGA CACTTGGC 



]28 54|UGAUUGAA G CAGAUGCC 
2858 UGAAGCAG A UGCCUUUG 



2 860|AAGCAGAU G CCUUUGGA 
2869 CCUUUGGA A UUGACAAG 



i2873|UGGAAUUG A CAAGACAG 



2878 UUGACAAG A CAGCAACU 



4053 | GGCATCTG GGCTAGCTACAACGA TTCAATCA 

4054 1 CAAAGGCA GGCTAGCTACAACGA CTQCTTCA 



5338 
5339 
5340 



40S 5 | TCCAAAGG GGCTAGCTACAACGA ATCTGCTT 5341 
4^56 1 CTTGTCAA GGCTAGCTACAACGA TCCAAAG G 1 5342 



4057 I CTGTCTTG GGCTAGCTACAACGA CAATTCCA | 5343 



4058 1 AGTTGCTG GGCTAGCTACAACGA CTTGTCAA | 5344 



2881 ACAAGACA G CAACUUGC 



2884 AGACAGCA A CUUGCAGG 



4059 | GCAAGTTG GGCTAGCTACAACGA TGTCTTGT 5345 

4060 1 CCTGCAAG GGCTAGCTACAACGA TGCTGTCT 1 5346 



2888 AGCAACUU G CAGGACAG 



4^61 1 CTGTCCTG GGCTAGCTACAACGA AAGTTGCT \ 5347 



2893 CUUGCAGG A CAGUAGCA 



4062 1 TGCTACTG GGCTAGCTACAACGA CCTGCAAG | 5348 



2896 GCAGGACA G UAGCAGUC 



4^63 I GACTGCTA GGCTAGCTACAACGA TGTCCTQC | 5349 



12899 GGACAGUA G CAGUCAAA 



4064 I TTTGACTG GGCTAGCTACAACGA TACTGTCC | 5350 



2902 CAGUAGCA G UCAAAAUG 



4065 I CATTTTGA GGCTAGCTACAACGA TGCTACTG | 5351 



2908 1 CAGUCAAA A UGUUGAAA 



"^66 I TTTCAACA GGCTAGCTACAACGA TTTGACTG | 5352 



2910 GUCAAAAU G UUGAAAGA 



4067 1 TCTTTCAA GGCTAGCTACAACGA ATTTTGAC | 5353 



2923 AAGAAGGA G CAACACAC 



4068 I GTGTGTTG GGCTAGCTACAACGA TCCTTCTT 1 5354 



29261AAGGAGCA A CACACAGU 



4069 1 ACTGTGTG GGCTAGCTACAACGA TGCTCCTT | 5355 



2928 GGAGCAAC A CACAGUGA 



"4070 1 TCACTGTG GGCTAGCTACAACGA GTTGCTCC [ 5356 



2930|AGCAACAC A CAGUGAGC 
2933 AACACACA G UGAGCAUC 



4071 I GCTCA CTG GGCTAGCTACAACGA GTGTTGCT 
*4072 1 GATGCTCA GGCTAGCTACAACGA TGTGTGTT 



5357 
5358 



2937 CACAGUGA G CAUCGAGC 



Toil I GCTCGATG GGCTAGCTACAACGA TCACTGTG | 5359 



2939 CAGUGAGC A UCGAGCUC 



"4074 I GAGCTCGA GGCTAGCTACAACGA GCTCACTG | 5360 



,2944 AGCAUCGA G CUCUCAU 



7o75 I CATGAGAG GGCTAGCTACAACGA TCGATGCT | 5361 



2950 GAGCUCUC A UGUCUGAA 



"4076 I TTCAGACA GGCTAGCTACAACGA GAGAGCTC | 5362 



2952 GC0C0CAU G 



IGAACU 



T0T7 I AQTTCAGA GGCTAGCTACAACGA ATGAGAGC | 5363 



12958 AUGUCUGA A CUCAAGAU 



"407i 1 ATCTTGAG GGCTAGCTACAACGA TCAGACAT | 5364 



2965 AACUCAAG A UCCUCAUU 



4079 I AATGAGGA GGCTAGCTACAACGA CTTGAGTT 



5365 



2971 AGADCCUC A UUCAUADU 



4080 I AATATGAA GGCTAGCTACAACGA GAGGATCT 



5366 



12975 CCUCAUUC A UAUUGGUC 



40B1 I GACCAATA GGCTAGCTACAACGA GAATGAGG 



5367 



2977 lUCAUUCAU A UUGGUCAC 



4082 I GTGACCAA GGCTAGCTACAACGA ATGAATGA 



5368 



2981 UCAUAUUG G UCACCAUC 



4083 I GATGGTGA GGCTAGCTACAACGA CAATATGA 



5369 



2984 UAUUGGUC A CCAUCUCA 



4084 I TGAGATGG GGCTAGCTACAACGA GACCAATA 



5370 



2987 UGGUCACC A UCUCAAUG 



40B5 I CATTGAGA GGCTAGCTACAACGA GGTGACCA 



5371 



2993 CCAUCUCA A UGUGGUCA 



4086 I TGACCACA GGCTAGCTACAACGA TGAGATGG 



5372 



2995 AUCUCAAU G UGGUCAAC 



4087 I GTTGACCA GGCTAGCTACAACGA ATTGAQAT 



5373 



2998 UCAAUGUG G UCAACCUU 



4088 I AAGGTTGA GGCTAGCTACAACGA CACATTGA 



5374 



3002 UGUGGUCA A CCUUCUAG 



4089 1 CTAGAAGG GGCTAGCTACAACGA TGACCACA 



5375 
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301l| 


CCUUCUAG G UGCCUGUA 


4090 1 


TACAGGGA GGCTAGCTACAACGA CTAGAAGG I 


5376 


3013 


uuci 


JAGGU G CCUGUACC 


4091 { 


GGTACAGG GGCTAGCTACAACGA ACCTAGAA 1 


5377 


3017 
3019! 


AGGUGCCU G UACCAAGC 


4092 
4093 1 


GCTTGGTA GGCTAGCTACAACGA AGGCACCT | 
TGGCTTGG GGCTAGCTACAACGA ACAGGCAC I 


537B 
5379 


|3*024 




ftCCAA G CCAGGAGG 


4094 


CCTCCTGG GGCTAGCTACAACGA TTGGTACA 


5380 


|3033 


[cCAGGAGG G CCACUCAU 


4095 


| ATGAGTGG GGCTAGCTACAACGA CCTCCTGG 


5381 


|3036 


[ggagggcc a cucauggu 


4096 


ACCATGAG GGCTAGCTACAACGA GGCCCTCC 


| 5382 



3043 CACUCAUG G UGAUUGUG 



4098 I CACAATCA GGCTAGCTACAACGA CATGAGTG 



|3046 IUCAUGGUG A UUGUGGAA 



4099 I TTCCACAA GGCTAGCTACAACGA CACCATGA 



5384 
5385 



13049 UGGUGAUU G UGGAAUUC 



4100 I GAATTCCA GGCTAGCTACAACGA AATCACCA 5386 



3054 AUUGUGGA A UUCUGCAA 



4101 I TTGCAGAA GGCTAGCTACAACGA TCCACAAT | 5387 



,3059 GGAAUUCU G CAAA 



tlllfllC 



4102 CAAATTTG GGCTAGCTACAACGA AGAATTCC I 53 88 



3063 UUCOGCAA A UUUGGAAA 



4103 



3071 ADUUGGAA A CCUGUCCA 



4104 



TTTCCAAA GGCTAGCTACAACGA TTGCAGAA 5389 
TGGACAGG GGCTAGCTACAACGA TTCCAAAT I 5390 



3075 GGAAACCU G UCCACUUA 



4105 I TAAGTGGA GGCTAGCTACAACGA AGGTTTCC 5391 



3079 ACCUGUCC A CUUACCUG 



4106 I CAGGTAAG GGCTAGCTACAACGA GGACAGGT | 5392 



3083 GUCCACUU A CCUGAGGA 4107 



^092|CCUGAGGA G CAAGAGAA 4108 



TCCTCAGG GGCTAGCTACAACGA AAGTGGAC I 5393 
TTCTCTTG GGCTAGCTACAACGA TCCTCAGG I 5394 



|3101 1 CAAGAGAA A UGAAUUUGl 4109 I CAAATTCA GGCTAGCTACAACGA TTCTCTTG 5395 
3105|AGAAAUGA A UUUGUCCC| 4110 GGGACAAA GGCTAGCTACAACGA TCATTTCT 5396 
13109 AUGAAUUU G UCCCOJAC 4111 1 GTAGGGQA GGCTAGCTACAACGA AAATTCAT | 539? 



l3116|lJQtfCCC CU A CAAGACCA| 4112 | TGGTCTTG GGCTAGCTACAACGA AGGGGACA 5398 
3121 CCUACAAG A CCAAAGGG 4113 | CCCTTTGG GGCTAGCTACAACGA CTTGTAGG [ 5399 



3130 |CCAAAGGG G CACGAUUC] 411^ 
3132|AAAGGGGC A CGAUUCCg| 4115^ 
3135 GGGGCACG A UUCCGUCAI 4116 



GAATCGTG GGCTAGCTACAACGA CCCTTTGG 
CGGAATCG GGCTAGCTACAACGA GCCCCTTT 
TGACGGAA GGCTAGCTACAACGA CGTGCCCC 



5400 
5401 
5402 



3140 ACGAUUCC G UCAAGGGAl 4117 | TCCCTTGA GGCTAGCTACAACGA GGAATCGT | 5403 



3152 AGGGAAAG A CUACGUUGl 4118 I CAACGTAG GGCTAGCTACAACGA CTTTCCCT | 5404 



3155 GAAAGACU A CGUUGGAGl 4119 I CTCCAACG GGCTAGCTACAACGA AGTCTTTC 1 5405 



3157 AAGACDAC G UUGGAGCAl 4120 I TGCTCCAA GGCTAGCTACAACGA GTAGTCTT | 5406 



3163 IaCGUUGGA G CAAUCCCUl 4121 I AGGGATTG GGCTAGCTACAACGA TCCAACGT | 5407 



3166 UUGGAGCA A UCCCUGUGl 4122 I CACAGGGA GGCTAGCTACAACGA TGCTCCAA | 5408 



3172 


CAAUCCCU G UGGAUCUG| 


4123 | 


CAGATCCA GGCTAGCTACAACGA AGGGATTG 1 


5409 


3176 1 


CCCUGUGG A UCUGAAAC| 


4124 ! 


GTTTCAGA GGCTAGCTACAACGA CCACAGGG | 


5410 


3183 1 


GAUCUGAA A CGGCGCUu| 


4125 | 


AAGCGCCG GGCTAGCTACAACGA TTCAGATC 1 


5411 


3186 


CUGAAACG G CGCUUGGa| 


4126 1 


TCCAAGCG GGCTAGCTACAACGA CGTTTCAG 1 


5412 | 


3168 


GAAACGGC G CUUGGACa] 


4127 | 


TGTCCAAG GGCTAGCTACAACGA GCCGTTTC 


5413 


3194 


GCGCOUGG A CAGCAUCa| 


4128 


TGATGCTG GGCTAGCTACAACGA CCAAGCGC 1 


5414 


3197 


CUUGGACA G CAUCACCA 


4129 


TGGTGATG GGCTAGCTACAACGA TGTCCAAG | 


5415 


3199 


UGGACAGC A UCACCAGU 


4130 


ACTGGTGA GGCTAGCTACAACGA GCTGTCCA 


5416 


3202 


ACAGCAUC A CCAGDAGC 


4131 


GCTACTGG GGCTAGCTACAACGA GATGCTGT 


5417 


3206 


CAUCACCA G UAGCCAGA 


4132 


TCTGGCTA GGCTAGCTACAACGA TGGTGATG 


j 5418 


3209 


CACCA0UA Q CCAGAGCU 


4133 


AGCTCTGG GGCTAGCTACAACGA TACTGGTG 


5419 


3215 


UAGCCAGA G CUCAGCCA 


4134 


| TGGCTGAG GGCTAGCTACAACGA TCTGGCTA 


5420 


3220 


AGAGCUCA G CCAGCUCU 


4135 


1 AGAGCTGG GGCTAGCTACAACGA TGAGCTCT 


5421 


3224 


1 CUCAGCCA G CUOTGGAU 


4136 


1 ATCCAGAG GGCTAGCTACAACGA TGGCTGAG 


1 5422 


3231 


|agcucugg A UUUGUGGA 


4137 


1 TCCACAAA GGCTAGCTACAACGA CCAGAGCT 


5423 


3235 


(CUGGAUUU G UGGAGGAG 


4138 


CTCCTCCA GGCTAGCTACAACGA AAATCCAG 


5424 


3246 


|GAGGAGAA G UCCCUCAG 


4139 


| CTGAGGGA GGCTAGCTACAACGA TTCTCCTC 


5425 


3254 


|GUCCCUCA G UGAUGUAG 


4140 


1 CTACATCA GGCTAGCTACAACGA TGAGGGAC 


| 5426 


3257 


|CCUCAGUG A UGUAGAAG 


4141 


1 CTTCTACA GGCTAGCTACAACGA CACTGAGG 


j 5427 


3259 


UCAGUGAU G UAGAAGAA 


. 4142 


1 TTCTTCTA GGCTAGCTACAACGA ATCACTGA 


j 5428 
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T "3*7 A 1 a 


7\r27\r*/iiv7\ fi PlTPPHGAAl 


4143 ' 


CTCAGGAG GGCTAGCTACAACGA TTCCTCTT 1 J 


5429 


O Q a In 


•p/-tTTri7i7&r*n A nPTTGTTATTAl 


4144 ' 


CATACAGA GGCTAGCTACAACGA CTTCAGGA 1 ! 


5430 


DO In 


.jvaniTTPTT f5 TTATTAAGGaI 


4145 • 


rCCTTATA GGCTAGCTACAACGA AGATCTTC | ! 


5431 




fivnnTTfTT & ttji apczapttI 


AT 46 j 


&.GTCCTTA GGCTAGCTACAACGA ACAGATCT I 1 


5432 


TOQC If* 


, TT*A^ , ^7V"^^!^ ,, iv PTTTTPPrmAl 

rUAUAAub A VUUUUUVinl 


A1 47 I 1 


rCAGGAAG GGCTAGCTACAACGA CCTTATAC 1 


5433 


linx 1 » 


kflTTIfVITfl A PPTTTTf"JGAGl 


4148 1 


CTCCAAGG GGCTAGCTACAACGA CAGGAAGT | 


5434 1 


j J JLA 1/ 


kPr"1"ffTy2l*l?A a PATTPTTPATll 


4149 1 


ATGAGATG GGCTAGCTACAACGA TCCAAGGT | 


5435 


1 "31 A If 


"•nTirs/iTAnp a ttpttpattpttI 


4150 1 


AGATGAGA GGCTAGCTACAACGA GCTCCAAG 1 


5436 


"5 1*1 Q 1 3 


infaTTrTTr* & nPTTfiiiiTAPl 


4151 S 


GTAACAGA GGCTAGCTACAACGA GAGATGCT 1 


5437 


"S 10*1 It 

JJZj 11 


TrTTnT&TTfT 1 CZ TUTAPAGPITl 


4152 I 


AGCTGTAA GGCTAGCTACAACGA AGATGAGA 1 


5438 




"•TVITrTTrTTTT &. PAnPITITPPl 


4153 ! 


GGAAGCTG GGCTAGCTACAACGA AACAGATG 1 


5439 




•firtTf TT&r , 7A fi PI TITPPI* Hfll 


4"L54 1 


CTTGGAAG GGCTAGCTACAACGA TGTAACAG 1 


5440 


1 m 1 li 

1 J jj / n 


inTTTPr'A A f2 llfS/SPTTAARl 
jUUULU/\rt V3 UvJV3V*U.nr\VJl 


4155 ! 


CTTAGCCA GGCTAGCTACAACGA TTGGAAGC 1 


5441 


1 1 tj a n li 
1 J J 4U II 


Tr*f , ATAr r rTn 1*1 /tta 7Anf2fipl 


4156 i 


GCCCTTAG GGCTAGCTACAACGA CACTTGGA 1 


5442 


1 T* A *7 11 

1 334 / 1< 


joLUAftAao vj UiiUbu/ibU 1 


41 57 ! 


APTPPATG GGCTAGCTACAACGA CCTTAGCC 1 


5443 


1 0 ^ x n 

33491 


UUAAQGG*w A UvjviAbUUv,| 


AT A 1 


GAAPTPPA GGCTAGCTACAACGA GCCCTTAG 1 


5444 


|3354 | 


bvJUiUbUA la UUvUUvjvjL.| 


41 5Q I 


GCCAAGAA GGCTAGCTACAACGA TCCATGCC 1 


5445 


|3361| 


AGUUCUuvi vj CAU vJvjvJvjA | 


ai £n ( 


TPGPGATG GGCTAGCTACAACGA CAAGAACT 1 


5446 


J3363 | 


UULUU'ibL A UvJvjAJvjAAAI 


AT fil 1 

41D1 | 


TTTPGCGA GGCTAGCTACAACGA GCCAAGAA I 


5447 


3366 I 


UUWjtJAUL. u IAjAAAvjUvjI 


AI 1 


PAPTTTCG GGCTAGCTACAACGA GATGCCAA 1 


5448 


33 1JL J 


ULuLljAAA o UvjUAU^UH. 


AI 63 1 


TGGATACA GGCTAGCTACAACGA TTTCGCGA 1 


5449 


3374 


(jLbAAAuU vj UnULUALA 


41 £A ! 


TGTGGATA GGCTAGCTACAACGA ACTTTCGC I 


5450 


33 76 


/■ij* 7*71 rtrrfFT 11 FTf^f 1 Jlf 1 Af3/2l 
IjAAAvjUvjU A U W\V-rlVj VJ 1 


AI 65 


CCTGTGGA GGCTAGCTACAACGA ACACTTTC t 


5451 


13380 


vjUvjUAUL-U A v»A*ovjvjAI.v*| 


AI 66 
tio o 


GGTCCCTG GGCTAGCTACAACGA GGATACAC 1 


5452 


133861 


r»f*Ar»nf2/2/* J a ortifi/lPrtfll 
Lv^LAviurVj A v.v*UvjvjvAjvj 


AI 67 

*x X D / 


CCGCCAGG GGCTAGCTACAACGA CCCTGTGG 1 


5453 


I J J "j x 


n/irzTi nrTin n fV2f2r*AfV3A 


4168 


1 TCGTGCCG GGCTAGCTACAACGA CAGGTCCC 1 


5454 j 


1 1 *a qa 
1 33*74 


TycT^nnncn n paptcaaatt 


i 4169 


ATTTCGTG GGCTAGCTACAACGA CGCCAGGT 1 


5455 




1 rtTnnprsfsr a paaaauau 

[ V*\J wVJV^VJVJiw A ViAjnfxnwnU 


1 4170 


ATATTTCG GGCTAGCTACAACGA GCCGCCAG 


5456 


JiUl 


l<*3/3PAfV3AA A TIAtlPCUCTJ 
VJVJv*A.l>>V3rw*i *\ y/iuv*v»uv«u 


1 4171 


1 AGAGGATA GGCTAGCTACAACGA TTCGTGCC 


5457 


1 uni 


1 PAfYJA A ATT A TTPPITPUtTA 


1 4172 


1 TAAGAGGA GGCTAGCTACAACGA ATTTCGTG 


5458 


1 *"t AI 1 


Iattppitptttt a ttprraraa 


1 4173 


1 TTCTCCGA GGCTAGCTACAACGA AAGAGGAT 


j 5459 


1 7459 


|f3/3Af3AAf22>L A fYZl inf?T7T 7A 


1 4174 


TAACCACG GGCTAGCTACAACGA TCTTCTCC 

1 m mm mi^m ^m* ^m ^m' MR mr^m ^m m» m m ^m^ ^m m 


I 5460 


1 3 49 A 


lAnAAfSAAP fJ TTf5f4tTTTAAA 


1 4175 


| TTTAACCA GGCTAGCTACAACGA GTTCTTCT 


5461 


1*5497 

1 J rx I 


IaC3AAPGUG g ttttaaaauc 


1 4176 


1 GATTTTAA GGCTAGCTACAACGA CACGTTCT 


| 5462 


13433 

I J *X J J 


JlTf^GITITAAA A UCUGUGAC 


4177 


1 GTCACAGA GGCTAGCTACAACGA TTTAACCA 


5463 


13437 


lUAAAATTPTJ G UGACUUUG 


1 4178 


1 CAAAGTCA GGCTAGCTACAACGA AGATTTTA 


5464 


1*3440 


Iaaupitgttg a ptttjuggci; 


1 4179 


j AGCCAAAG GGCTAGCTACAACGA CACAGATT 


1 5465 


1 3 A A6 


1 T Tf3 APTTTTT 7G G PTTIIGGCPC 


j| 4180 


| GGGCCPiAG GGCTAGCTACAACGA CAAAGTCA 


5466 


134m 


iTTUGGriTTTG G PCCGGGA1] 


rl 4181 


| ATCCCGGG GGCTAGCTACAACGA CAAGCCAA 


5467 


J*iDO 


IfiGPPPGGG A TTAtnTTTAU? 
i vjvjv»i»v*vjv*jvj n uiiu w u*»vf 


J 4182 


J TATAAATA GGCTAGCTACAACGA CCCGGGCC 


J 5468 


3460 


ICCCGGGAU A UTJT7ATJAA/ 


J 4183 


j TTTATAAA GGCTAGCTACAACGA ATCCCGGG 


j 5469 


13464 


Iggauauuu A TJAAAGaUC 


:| 4184 


1 GATCTTTA GGCTAGCTACAACGA AAATATCC 


5470 


3470 


|uuauaaag a UCCAGAUl 


I 4185 


| AATCTGGA GGCTAGCTACAACGA CTTTATAA 


5471 


3476 


|aqauccag A UUAUGUCZ 


u 4186 


1 TGACATAA GGCTAGCTACAACGA CTGGATCT 


j 5472 


3479 


|uCCaGAUU A U6UCAGAJ 


J 4187 


1 TTCTGACA GGCTAGCTACAACGA AATCTGGA 


j 5473 


|3481 


|CAGAUUAU G UCAGAAAJ 


l| 4188 


| TTTTCTGA GGCTAGCTACAACGA ATAATCTG 


1 5474 


3494 


Iaaaaggag A ugcucgcc 


: 4189 


j GGCGAGCA GGCTAGCTACAACGA CTCCTTTT 


5475 


3496 


1 lAAGGAQAU Q CUCGCCUt 


: 4190 


j GAGGCGAG GGCTAGCTACAACGA ATCTCCTT 


j 5476 


|350C 


>|agadgcuc g CCUCCCUl 


j| 4191 


j AAGGGAGG GGCTAGCTACAACGA GAGCATCT 


5477 


3513 


t ICCUDUGAA A UGGAUGG* 


:| 4192 


| GCCATCCA GGCTAGCTACAACGA TTCAAAGG 


1 1 5478 


psri 


' (ugaaaugg a UGGCCCG 


\\ 4193 


1 TGGGGCCA GGCTAGCTACAACGA CCATTTCA 


i 5479 


352C 


>|aauggaug g ccccaga 


k\ 4194 


j TTCTGGGG GGCTAGCTACAACGA CATCCATl 


1 j 5480 


[3525 


MCCCCAGAA A CAAUUUU1 


U\ 4195 


| AAAAATTG GGCTAGCTACAACGA TTCTGGGG 


\ 5481 
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l3608l uUCCUUAG G UQCUUCUC 4213 GAGAAQCA GGCTAGCTACAACGA CTAAQGAA 1 5499 
i3610lCCUUAGGU G CUUCUCCAl 4214 [ TGGAGAAG GGCTAGCTACAACGA ACCTAAGG 1 5500 



13638 lAAAGAUUG A UGAAGAAU 4219 



13645 IGA UGAAGA A UUUUGUAG 4220 
I3650IAGAAUUUU G UAGGCGAu| 4221 



[3654 jUU UUGUAG G CGAUUGAAj 4222 
1 3657|UGUAGGCG A UUGAAAGAl 4223 
3670 AAGAAGGA A CUAGAAUGl 4224 



3676 
3682 



3689 
3 692 



3694 CUGAUUAU A CUACACCA 4229 



3697 AUUAUACU A CACCAGAA1 4230 



3699 
3706 



GAACUAGA A UGAGGGCC 4225 
GAAUGAGG G CCCCUGAU 4226 



GGCCCCUG A UUAUACUA 4227 
CCCUGAUU A UACUACAC 4228 



JAPACUAC A CCAGAAAU| 4231 
CACCAGAA A UGUACCAGl 4232 



3708 CCAGAAAU G UACCAGAC 4233 GTCTGGTA GGCTAGCTACAACGA ATTTCTGG 



3710 



3746 



3753 



CTACAAAA GGCTAGCTACAACGA TCTTCATC 5506 
ATCGCCTA GGCTAGCTACAACGA AAAATTCT I 5507 



TTCAATCG GGCTA GCTACAACGA CTACAAAA I 5508 
TCT TTCAA GGCTAGCTACAACGA CGCCTACA 5509 
CATTCTAG GGCTAGCTACAACGA TCCTTCTT ] 5510 



GGC CCTCA GGCTAGCTACAACGA TCTAGTTC 1 5511 
ATCAGGGG GGCTAGCTACAACGA CCTCATTC 1 5512 



TAGTATAA GGCTAGCTACAACGA CAGGGGCC I 5513 
GTGTAGTA GGCTAGCTACAACGA AATCAGGG | 5514 



ATTTCTGG GGCTAGCTACAACGA GTAGTATA I 5517 
CTGGTACA GGCTAGCTACAACGA TTCTGGTG | 5518 



AGAAAUGU A CCAGACCA 4234 
UGUACCAG A CCAUGCUQ 4235 
ACCAGACC A UGCUQGACl 4236 
CAQACCAXJ G CUGGACUG| 4237 
CA UGCPOG A COGCUQGC| 4238 
GCUGGACU G CUGGCACG| 4239 
GACUGCUG G CACGGGGa| 4240 
CUGCOGGC A CGGGGAGC 4241 
CACGGGGA G CCCAGUCAl 4242 



GGAGCCCA G UCAGAGAC 4243 



AGUCAGAG A CCCACGUUI 4244 



AGAGACCC A CGUUUUCA 4245 
AGACCCAC G UOUUCAGA l 4246 
UUUUCAGA G U0GGUGGA| 4247 



TGGTCTGG GGCTAGCTACAACGA ACATTTCT 
CA GCATGG GGCTAGCTACAACGA CTGGTACA 
G TCCAGCA GGCTAGCTACAACGA GGTCTGGT 
CAGTCCAG GGCTAGCTACAACGA ATGGTCTG 
G CCAGCAG GGCTAGCTACAACGA CCAGCATG 
CGTQC CAQ GGCTAGCTACAACGA AGTCCAGC 
T CCCCGTG GGCTAGCTACAACGA CAGCAGTC 
GCTCCCCG GGCTAGCTACAACGA GCCAGCAG 1 5527 
TGACTGGQ GGCTAGCTACAACGA TCCCCGTG | 5528 



AACGTGGG GGCTAGCTACAACGA CTCTQACT 5530 



TGAAAACG GGCTAGCTACAACGA GGGTCTCT I 5531 
TCTGAAAA GGCTAGCTACAACGA GTGGGTCT 1 5532 
TCCACCAA GGCTAGCTACAACGA TCTQAAAA | 5533 
ATGTTCCA GGCTAGCTACAACGA CAACTCTG | 5534 
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3777 lUUGGUGGA A CAUUUGGGl 4249 1 CCCAAATG GGCTAGCTACAACGA TCCACCAA 1 5535 



3779 GGUGGAAC A UUUGGGAA 4250 1 TTCCCAAA GGCTAGCTACAAOGA GTTCCACC 5536 



3 7 8 B luUUGGGAA A UCUCUUGCl 4251 | GCAAQAQA GQCTAGCTACAACGA TTCCCAAA 5537 



37951aADCPCPO G CAAGCUAAl 4252 | TTAGCTTG GGCTAGCTACAACGA AAGAGATT 5538 



3799 UCUUGCAA G CUAAUGCUl 4253 [AGCATTAG GQCTAGCTACAACGA TTGCAAGA 5539 



3803 IgCAAGCUA A UQCUCAGCl 4254 | GCTQAQCA GQCTAGCTACAACGA TAGCTTGC I 5540 



3805 AAGCUAAU G CUCAGCAGl 4255 | CTGCTGAG GGCTAGCTACAACGA ATTAGCTT 5541 



3810IAAUGCUCA G CAGGAUGGl 4256 \ CCATCCTG GGCTAGCTACAACGA TGAGCATT 1 5542 



3815 UCAGCAGG A UGGCAAAGl 4257 | CTTTGCCA GQCTAGCTACAACGA CCTGCTQA 5543 



3818l0CAGGftPG G CAAAGACU| 4258 | AGTCTTTQ GGCTAGCTACAACGA CATCCTGC 5544 



3824 loGGCAAAG A CUACAUUGl 4259 | CAATQTAG GGCTAGCTACAAOGA CTTTGCCA 5545 



3827 CAAAGACU A CAUUOUUCl 4260 | QAACAATG GGCTAGCTACAACGA AQTCTTTG | 5546 



3829 1 AAGACUAC A UUGUUCUUj 4261 1 AAGAACAA GGCTAGCTACAACGA GTAGTCTT 5547 



3832IaCUACAUU G UU0JUCCG| 4262 | CGGAAGAA GGCTAGCTACAACGA AATQTAGT 5548 



3841 UUCUUCCG A UAUCAGAGl 4263 | CTCTGATA GGCTAGCTACAACGA CGGAAGAA 5549 



3843ICUUCCGAU A UCAGAGACl 4264 | GTCTCTGA GGCTAGCTACAACGA ATCGGAAG 5550 



3850lUAUCAQAG A CUUUGAGC| 4265 [ GCTCAAAG GGCTAGCTACAACGA CTCTGATA 5551 



3857 GACUUUGA G CAUGGAAGl 4266 [CTTCCATG GGCTAGCTACAACGA TCAAAGTC 5552 



3859 CUUUGAGC A UGGAAGAGl 4267 ] CTCTTCCA GGCTAGCTACAACGA GCTCAAAG 5553 



3869 GGAAGAGG A UUCUGGAC 



4268 I GTCCAGAA GGCTAGCTACAACGA CCTCTTCC | 5554 



3876 GAUUCUGG A CUCUCUCU 



4269 I AGAGAGA0 GGCTAGCTACAACGA CCAQAATC | 5555 



3885 CUCUCUCU G CCUACCUC 



4270 I GAGGTAGG GGCTAGCTACAACGA AGAGAGAG | 5556 



3889 CUCUGCCU A CCUCACCU 



4271 I AGGTGAGG GGCTAGCTACAACGA AGGCAGAG | 5557 



3894 CCUACCUC A CCUGUUUC 



"4272 I GAAACAGG GGCTAGCTACAACGA GAGGTAGG | 5558 



3898 CCUCACCU G UUUCCUGU 



4273 I ACAGGAAA GGCTAGCTACAACGA AGGTGAGG [ 5559 



3905 lUGUUUCCU G UAUGGAGG 



4274 I CCTCCATA GGCTAGCTACAACGA AGGAAACA | 5560 



3907 lUUUCCUGU A UGGAGGAG 



4275 I CTCCTCCA GGCTAGCTACAACGA ACAGGAAA [ 5561 



3922 AGGAGGAA G UAUGUGAC 



4276 GTCACATA GGCTAGCTACAACGA TTCCTCCT | 5562 



3924 GAGGAAGU A UGUGACCC 



4277 GGGTCACA GGCTAGCTACAACGA ACTTCCTC | 5563 



3926 GGAAGUAU G UGACCCCA 



"4278 I TGGGGTCA GGCTAGCTACAACGA ATACTTCC | 5564 



39291 AGUAUGUG A CCCCAAAU 



4279 I ATTTGGGG GGCTAGCTACAACGA CACATACT 5565 



3936IgACCCCAA A UUCCAUUA| 4280 [ TAATGGAA GGCTAGCTACAACGA TTGGGGTC 5566 



3941 CAAAUUCC A UUAUGACAl 4281 1 TGTCATAA GGCTAGCTACAACGA GGAATTTG 5567 



3 94 4 1 AUUCCAUU A UGACAACaI 4282 | TGTTGTCA GGCTAGCTACAACGA AATGGAAT 5568 



3947 CCAUUAUG A CAACACAGl 4283 | CTGTGTTG GGCTAGCTACAACGA CATAATGG ] 5569 



3950 lUUAUGACA A CACAGCAG) 42B4 | CTGCTGTG GGCTAGCTACAACGA TGTCATAA 5570 



3952 1 AUQACAAC A CAGCAGGA| 4285 | TCCTGCTG GGCTAGCTACAAOGA GTTGTCAT S571 



3955 1 ACAACACA G CAGGAAUC] 4286 | QATTCCTG GGCTAGCTACAACGA TGTGTTGT 5572 



39611CAGCAGGA A UCAGUCAGl 4287 ] CTGACTGA GGCTAGCTACAAOGA TCCTGCTG 5573 



3965IAGGAAUCA G UCAGOAUCl 428B | GATACTGA GGCTAGCTACAACGA TQATTCCT 5574 



3969IaUCAGUCA G UAUCUGCAl 4289 [ TGCAGATA GQCTAGCTACAACGA TGACTGAT 5575 



3971 CAGUCAGU A UCUGCAGAl 4290 | TCTGCAGA GGCTAGCTACAACGA ACTGACTG 5576 



3975 CAGUAUCU G CAGAACAGl 4291 | CTGTTCTQ GGCTAGCTACAACGA AGATACTG ] 5577 



3980 UOJGCAGA A CAGUAAGCl 4292 ) GCTTACTG GGCTAGCTACAACGA TCTGCAGA | 5578 



3983|GCAGAACA G UAAGCGAAl 4293 TTCGCTTA GGCTAGCTACAACGA TGTTCTGC | 5579 



39B7|AACAGUAA G CGAAAGAGl 4294 | CTCTTTCG GGCTAGCTACAACGA TTACTGTT 5580 



3995 GCOAAAGA G CCGQCOJQ] 4295 I CAGGCCGG GGCTAGCTACAACGA TCTTTCGC | 5581 



3999 1 AAGAGCCG G CCUGUGAGl 4296 CTCACAGG GGCTAGCTACAACGA CGGCTCTT | 5582 



4003 GCCGGCCU G UGAGUGUAI 4297 I TACACTCA GGCTAGCTACAACGA AGGCCGGC \ 5583 



4007 GCCUGUGA G UGUAAAAAl 4298 I TTTTTACA GGCTAGCTACAACGA TCACAQGC | 5584 



4009ICUGUGAGU G TJAAAAACAl 4299 I TGTTTTTA GGCTAGCTACAACGA ACTCACAG | 5585 



4015 GUGUAAAA A 



4300 I TTCAAATG GGCTAGCTACAACGA TTTTACAC | 5586 



dni7lfCTTAAAakr A TTtJUGAAflAl 4301 I TCTTCAAA GGCTAGCTACAACGA GTTTTTAC | 5587 
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|4265|GUACUCCA G UGAGGAAG 



14273 IGUGAGGAA G CAGAACUU 



J45 

4355 1 CTTCCTCA GGCTAGCTACAACGA TGQAGTAC | 5641 



4356 I AAGTTCTG GGCTAGCTACAACGA TTCCTCAC | 5642 



4278 GAAGCAGA A CUUUUAA& 



4357 I TTTAAAAG GGCTAGCTACAACGA TCTGCTTC | 5643 



4287 CUUUUAAA G CUGAUAGA 



435B 1 TC TATCAG GGCTAGCTACAACGA TTTAAAAG 5644 
"^359 1 AATCTCTA GGCTAGCTACAACGA CAGCTTTA \ 5645 



14291 lUAAAGCUG A UAGAGAUU 



4297 UGAUAGAG A UDGGAGUG 



4360 1 CACTCCAA GGCTAGCTACAACGA CTCTATCA | 5646 



43 03 1 AGAUUGGA G UGCAAACC 



4361 I GGTTTGCA GGCTAGCTACAACGA TCCAATCT \ 5647 



4305 AUUGGAGU G CAAACCGG 



4362 I CCGGTTTG GGCTAGCTACAACGA ACTCCAAT | 5648 



4309 GAGUGCAA A CCGGUAGC 



4363 I GCTACCGG GGCTAGCTACAACGA TTGCACTC | 5649 



4313 GCAAACOG G UAGCACAG 



4364 I CTGTGCTA GGCTAGCTACAACGA CGGTTTGC | 5650 



4316 AACCGGUA G CACAGCCC 



4365 | GGGCTGTG GGCTAGCTACAACGA TACCGGTT 



4318 CCGGUAGC A CAGCCCAG 



4366 



4321 GUAGCACA G CCCAGAUU 4367 



CTGG GCTG GGCTAGCTACAACGA GCTACCGG 
AATCTGGG GGCTAGCTACAACGA TGTGCTAC 



5651 
5652 
5653 



4327 CAGCCCAG A UUCUCCAG 4368 



14335 ADUCUCCA G CCUGACUC 4369 



l4 340|CCAGCCUG A CUCGGGGA 4370 
| 434B|ACUCGGGG A CCACACOG 4371 
4351 CGGGGACC A CACUGAGC 4372 



CTGGAGAA GGCTAGCTACAACGA CTGGGCTG 1 5654 
GAGTCAGG GGCTAGCTACAACGA TGGAGAAT | 5655 
TCCCCGAG GGCTAGCTACAACGA CAGGCTGQ I 5656 
CAGTG TGG GGCTAGCTACAACGA CCCCGAGT I 5657 
GCTCAGTG GGCTAGCTACAACGA GGTCCCCG | 5658 



|4353|GGGACCAC A CDGAGOJC| 4373 
14358 ICACACUGA G CUCUCCUCl 437? 
|4369|CUCCUCCU G UUUAAAAGl 4375 
l438llAAAAGGAA G CAUCCACA| 4376 



GAGCTCAG G GCTAGCTACAACGA GTGGTCCC 5659 
GAGGAGAG GGCTAGCTACAACGA TCAGTGTG 5660 
C TTTTAAA GGCTAGCTACAACGA AGGAGGAG I 5661 
TGTGGATG GGCTAGCTACAACGA TTCCTTTT | 5662~ 



1 43 83 1AAGGAAGC A UCCACACCl 4377 | GGTGTGGA GGCTAGCTACAACGA GCTTCCTT 5663 



|4387|AAGCAUCC A CACCCCAA 4378 
|4389|gCAUCCAC A CCCCAACU 4379 
14395 |aCACCCCA A CUCCCGGA 4380 
4403 ACUCCCGG A CAUCACAUl 4381 



TTGGGGTG GGCTAGCTACAACGA GGATGCTT 
AGTTGGGG GGCTAGCTACAACGA GTGGATGC 
T CCGGGAG GGCTAGCTACAACGA TGGGGTGT 
ATGTGATG GGCTAGCTACAACGA CCGGGAGT 



5664 
5665 
5666 
5667 



4405 UCCCGGAC A UCACAUGA] 4382 I TCATGTGA GGCTAGCTACAACGA GTCCGGGA | 5668 



4408 CGGACAUC A CAUGAGAGl 4383 | CTCTCATG GGCTAGCTACAACGA GATGTCCG | 5669 



14410 iGACAUCAC A UGAGAGGUl 4384 1 ACCTCTCA GGCTAGCTACAACGA GTQATGTC | 5670 



14417ICAUGAGAG G UCUGCUCA| 4385 | TGAGCAGA GGCTAGCTACAACGA CTCTCATG 5671 



1442i|aGAG GUCU G CUCAGAXJU| 4386 [ AATCTGAG GGCTAGCTACAACGA AGACCTCT | 5672 
14427ICUGCUCAG A UUUUGAAG| 4387 



r4435lAUUUUGAA G UGUUGUUCl 4388 



CTTC AAAA GGCTAGCTACAACGA CTGAGCAG 
GAACAACA GGCTAGCTACAACGA TTCAAAAT 



5673 



5674 



4437 UUUGAAGU G UUGUUCUUi 4389 1 AAGAACAA GGCTAGCTACAACGA ACTTCAAA | 5675 



444oIgAAGUGI3U G UUCUUUCCl 4390 I GGAAAGAA GGCTAGCTACAACGA AACACTTC | 5676 



4449 lUUCUUUCC A CCAGCAGGl 4391 | CCTQCTGG GGCTAGCTACAACGA GGAAAGAA | 5677 



4453 UUCCACCA G CAGGAAGUl 4392 | ACTTCCTQ GGCTAGCTACAACGA TGGTGGAA 5678 



l4460l'AGCAGGAA G UAQCCGCaI 4393 | TGCGGCTA GGCTAGCTACAACGA TTCCTGCT | 5679 



14463 AGGAAGUA G CCGCAUUUl 4394 I AAATGCGG GGCTAGCTACAACGA TACTTCCT \ 5680 



14466 lAAGUAGCC G CAUUUGAUl 4395 |aTCAAATG GGCTAGCTACAACGA GGCTACTT 



5681 

— r 



14468 GUAGCCGC A XJUUGAUUUl 4396 1 AAATCAAA GGCTAGCTACAACGA GCGGCTAC 5682 



4473 CGCAUUUG A UUUUCAUUl 4397 I AATGAAAA GGCTAGCTACAACGA CAAATGCG | 5683 



14479 UGAUDUUC A UUUCGACAl 4398 \ TGTCGAAA GGCTAGCTACAACGA GAAAATCA | 5684 



4485IUCAUUUCG A CAACAGAAl 4399 I TTCTGTTG GGCTAGCTACAACGA CGAAATGA | 5685 



4488 


UOUCGACA A CAGAAAAAl 


4400 | 


TTTTTCTG GGCTAGCTACAACGA TGTCGAAA | 


5686 


|4499 


GAAAAAGG A CCUCGGAC] 


4401 


GTCCGAGG GGCTAGCTACAACGA CCTTTTTC 


5687 


|4506' 


GACCUCGG A CUGCAGGG 


4402 1 


CCCTGCAG GGCTAGCTACAACGA CCGAGGTC 


5688 


4509 


CUCGGACU G CAGGGAGcj 


4403 


GCTCCCTG GGCTAGCTACAACGA AGTCCGAG 


5689 


4516 


UGCAGGGA G CCAGUCUUj 


4404 


AAGACTGG GGCTAGCTACAACGA TCCCTGCA 


5690 


4520 


GGGAGCCA G UCUUCUAG 


4405 


CTAGAAGA GGCTAGCTACAACGA TGGCTCCC 


5691 


[4529 


UCUUCUAG G CAUAUCCU 


4406 


AGGATATG GGCTAGCTACAACGA CTAGAAGA 


I 5692 


]4531 


UUCUAGGC A UAUCCUGG 


4407 


| CCAGGATA GGCTAGCTACAACGA GCCTAGAA 


1 5693 
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14637 ICCCCUGCU G CGGGUCUCl 4429 



l464llOGCa GCGG G UCUCACCAj 4430 
l4646|CGGGUaJC A CCAUGGGul 4431 
4649 GUCUCACC A UGGGUUUAl 4432 



5715 

TGQTGAGA GGCTAGCTACAACGA CCGCAGCA I 5716 
ACCCATQG GGCTAGCTACAACGA GAQACCCG 5717 
TAAACCCA GGCTAGCTACAACGA GGTGAGAC 1 5718 



14653 ICACCAUGG G UUUAGAACl 4433 



|4660[GGUUUAGA A CAAAGAGC) 4434 



GTTCTAAA GGCTAGCTACAACGA CCATGGTG 
GCTCTTTG GGCTAGCTACAACGA TCTAAACC 



5720 



|46 67lAACAAAGA Q CUUCAAGCI 4435 
[4674 IaGCUUCAA G CAAUGGCq 4436 



GCTTGAAG GGCTAGCTACAACGA TCTTTGTT 
GGCCATTG GGCTAGCTACAACGA TTGAAGCT 



|4677|UUCAAGCA A UGGCCCCA 4437 



|4680|AAGCAAUG G CCCCA UCC| 
l4685|AUGGCCCC A UCCUC 
4697|uCAAAGAA G UAGCAGUAl 



TGGGGCCA GGCTAGCTACAACGA TGCTTGAA I 5723 
GGATGGGG GGCTAGCTACAACGA CATTGCTT I 5724 
TTTGAGGA GGCTAGCTACAACGA GGGGCCAT 572? 
TACTGCTA GGCTAGCTACAACGA TTCTTTGA 1 5726 



1 4 7 00 IAAGAAGUA G CAGUACCul 4441 | AGGTACTG GGCTAGCTACAACGA TACTTCTT 5727 



4703 [AAGUAGCA G UACCUGGG l 4442 
4705 GUAGCAGU A CCUGGGGAl 4443 



47141 CCUGGGGA G CUGACACU 4444 



4 7 1 B (GGGAGCUG A CACUUCOG| 4445 
4720|gAGCUGAC A CUUCUGUAl 4446 



4726 [ACACUUCU Q UAAAAC(JA| 4447 
4731 UCUGUAAA A CUAGAAGAI 4448 



4739 ACOAGAAG A UAAACCAGl 4449 



4743 [GAAGAUAA 
4748 UAAACCAG 



A CCAGGCAAl 4450 
G CAAOGUAAI 4451 



CCCAGGTA GGCTAGCTACAACGA TGCTACTT I 5728 
TCCCCAGG GGCTAGCTACAACGA ACTGCTAC I 5729 



AGTGTCAG GGCTAGCTACAACGA TCCCCAGG | 5730 



CAGAAGTG GGCTAGCTACAACGA CAGCTCCC 
TACAGAAG GGCTAGCTACAACGA GTCAGCTC 



TAGTTTTA GGCTAGCTACAACGA AGAAGTGT 
TCTTCTAG GGCTAGCTACAACGA TTTACAGA 



CTGGTTTA GGCTAGCTACAACGA CTTCTAGT | 5735 



TTGCCTGG 
TTACGTTG 



GGCTAGCTACAACGA 
GGCTAGCTACAACGA 



TTATCTTC 
CTGGTTTA 



5736 
5737 



4751 ACCAGGCA A CGUAAGUGl 4452 



CACTTACG GGCTAGCTACAACGA 



4753 CAGGCAAC G UAAGUGUU 4453 



AACACTTA GGCTAGCTACAACGA GTTGCCTG I 5739 



4757 CAACGUAA G UGUUCGAGl 4454 



CTCGAACA GGCTAGCTACAACGA TTACGTTG [ 5740 



4759 ACGUAAGU G UUCGAGGU 4455 



ACCTCGAA GGCTAGCTACAACGA ACTTACGT | 5741 



G UGUUGAAG 4456 



CTTCAACA GGCTAGCTACAACGA CTCGAACA | 5742 



4768 UUCGAGGU G UUGAAGAUl 4457 



ATCTTCAA GGCTAGCTACAACGA 



A UGGGAAGG 4458 



CCTTCCCA 



GGCTAGCTACAACGA CTTCAACA 5744 



4784 UGGGAAGG A UUUGCAGG 4459 



CCTGCAAA GGCTAGCTACAACGA CCTTCCCA 



4788 AAGGAUUU G CAGGGCUG 4460 



CAGCCCTG GGCTAGCTACAACGA AAATCCTT | 5746 
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*iqiIthhhotkm Q CUGAGUCUl 4461 1 AGACTCAG GGCTAGCTACAACGA CCTGCAAA I 5747 



AwltnnamaA G UCUAUCCAl 4462 1 TGGATAGA GGCTAGCTACAACGA TCAGCCCT 574B 



di»n» rnraqnm A UCCAAGAGl 4463 I CTCTTGGA GGCTAGCTACAACGA AGACTCAG 5749 



InrrJV&rAG a CUUUGUUUl 4464 I AAACAAAQ GGCTAGCTACAACGA CTCTTGGA 5750 



i B u niflnmnn a UMJAGBAC 4465 I GTCCTAAA GGCTAGCTACAACGA AAAGCCTC 5751 



^UmiMfl A CGUGGGUCI 4466 1 GACCCACG GGCTAGCTACAACGA CCTAAACA 5752 



4 825|UUUAGGAC G UGGGUCCC| 4467 
4829 GGACGUGG G UCCCAAGC 4468 



GGQACCCA GGCTAGCTACAACGA GTCCTAAA j 5753 
GCTTGGGA GGCTAGCTACAACGA CCACGTCC I 5754 



4836 GGUCCCAA G CCAAGCCU 4469 | AGGCTTGG GGCTAGCTACAACGA TTGGGACC 5755 



4B4llcAAGCCAA G CCUUAAGUl 4470 1 ACTTAAGG GGCTAGCTACAACGA TTGGCTTG 5756 



4B4b1aGCCU0AA G UGUGGAAUl 4471 | ATTCCACA GGCTAGCTACAACGA TTAAGQCT 5757 



4850 CCUUAAGU G UGGAAUUC 4472 | GAATTCCA GGCTAGCTACAACGA ACTTAAGG 5758 



4855 AGUGUGGA A UUCGGAUul 4473 1 AATCCGAA GGCTAGCTACAACGA TCCACACT 5759 



486l|GAAUUCGG A UUGAUAGAj 4474 
4865 UCGGAUUG A UAGAAAGGI 4475 



TCTA TCAA GGCTAGCTACAACGA CCQAATTC I 5760 
CCTTTCTA GGCTAGCTACAACGA CAATCCGA I 5761 



AR771AAAGGAAG A CUAACGUul 4476 1 AACGTTAG GGCTAGCTACAACGA CTTCCTTT 



5762 
5763 



4881 GAAGACUA A CGUUACCU 4477 1 AGGTAACG GGCTAGCTACAACGA TAGTCTTC 



4883 AGACUAAC G UUACOTUG 4478 1 CAAGGTAA GGCTAGCTACAACGA GTTAGTCT 5764 



48B6ICUAACGUU A CCUUGCUU] 4479 1 AAGCAAGG GGCTAGCTACAACGA AACGTTAG 5765 



4B9iIgMJACCUU G CUUUGGAGj 4480 | CTCCAAAG GGCTAGCTACAACGA AAGGTAAC 5766 



490lluUUGGAGA G UACUGGAGI 4481 1 CTCCAGTA GGCTAGCTACAACGA TCTCCAAA 5767 



490^IUGGAGAGU A CPGGAGCcI 4482 1 GGCTCCAG GGCTAGCTACAACGA ACTCTCCA 5768 



4909 IgUACUGGA G CCUGCAAA 4483 | TTTGCAGG GGCTAGCTACAACGA TCCAGTAC 5769 



4913 UGGAGCCU G CAAAUGCA 4484 | TGCATTTG GGCTAGCTACAACGA AGGCTCCA 5770 



49171GCCUGCAA A UGCAUUGUl 4485 1 ACAATGCA GGCTAGCTACAACGA TTGCAGGC 5771 



4919 CUGCAAAU G CAUUGUGUl 4486 [aCACAATQ GGCTAGCTACAACGA ATTTGCAG 5772 



4921IGCAAAUGC A UUGUGUUu| 4487 1 AAACACAA GGCTAGCTACAACGA GCATTTGC 5773 



4924 lAAUGCAUU G UGUUUGCUl 4488 [ AGCAAACA GGCTAGCTACAACGA AATGCATT 5774 



4926 P 


UfGCAUUGU G UUUGCUCU| 


4489 | 


AGAGCAAA GGCTAGCTACAACGA ACAATGCA 


5775 j 


493o| 


QUGUGUUU G CaCUGGUG| 


4490 | 


CACCAGAG GGCTAGCTACAACGA AAACACAA 


5776 


4936| 


□UGCUCUG G UGGAGGUG] 


4491 | 


CACCTCCA GGCTAGCTACAACGA CAGAGCAA 


5777 


4942| 


UGGUGGAG G UGGGCAUg| 


4492 j 


CATGCCCA GGCTAGCTACAACGA CTCCACCA 


5778 j 


4946 


GGAGGUGG G CAUGGGGU 


4493 


ACCCCATC GGCTAGCTACAACGA CCACCTCC 


5779 j 


4948 


AGGUGGGC A UGGGGUCU 


4494 j 


AGACCCCA GGCTAGCTACAACGA GCCCACCT 


5780 


4953J 


GGCAUGGG G UCUGUUClj| 


4495 


AGAACAGA GGCTAGCTACAACGA CCCATGCC 1 


5781 | 


4957| 


UGGGGUCU G UUCUGAAa| 


4496 


TTTCAGAA GGCTAGCTACAACGA AGACCCCA I 


5782 


4965 


GUUCUGAA A UGUAAA)3g| 


4497 


CCTTTACA GGCTAGCTACAACGA TTCAGAAC 


5783 


4967 


UCUGAAAU g uaaagggu 


4498 


ACCCTTTA GGCTAGCTACAACGA ATTTCAGA 


5784 


4974 


UGUAAAGG G UUCAGACG| 


4499 


CGTCTGAA GGCTAGCTACAACGA CCTTTACA 


57B5 


4980 


GGGUUCAG A CGGGGUUU 


4500 


AAACCCCG GGCTAGCTACAACGA CTGAACCC 


5786 


4985 


jCAGACGGG G XJUUCUGGU 


4501 


ACCAGAAA GGCTAGCTACAACGA CCCGTCTG 


| 5787 


4992 


[GGUUUCUG g uuuuagaa 


4502 


TTCTAAAA GGCTAGCTACAACGA CAGAAACC 


| 5788 


5002 


[UUUAGAAG G UUtSCGUGU 


4503 


ACACGCAA GGCTAGCTACAACGA CTTCTAAA 


| 5789 


5005 


Iagaagguu G cguguucu 


4504 


AGAACACG GGCTAGCTACAACGA AACCTTCT 


5790 


5007 


|aagguugc g uguucuuc 


I 4 505 


GAAGAACA GGCTAGCTACAACGA GCAACCTT 


j 5791 


5009 


|gguugcgu g uucuucga 


4506 


TCGAAGAA GGCTAGCTACAACGA ACGCAACC 


1 5792 


5018 


[UUCUUCGA G UUGGGCUA 


j 4507 


TAGCCCAA GGCTAGCTACAACGA TCGAAGAA 


( 5793 


5023 


[CGAGUUGG G CUAAAGUA 


4508 


TACTTTAG GGCTAGCTACAACGA CCAACTCG 


5794 


5029 


(GGGCUAAA G UAGAGUUC 


4509 


GAACTCTA GGCTAGCTACAACGA TTTAGCCC 


5795 


5034 


[aaaguaga G UUCGUUGU 


| 4510 


ACAACGAA GGCTAGCTACAACGA TCTACTTT 


1 5796 


5038 


|uAGAGUUC G UUGUGCUG 


\\ 4511 


CAGCACAA GGCTAGCTACAACGA GAACTCTA 


j 5797 


5041 


|AGUUCGUU G UGCOGUUU 


\ 4512 


AAACAGCA GGCTAGCTACAACGA AACGAACT 


j 5798 


5043 


lUUCGUUGU G CUGUUUCC 


f 4513 


AGAAACAG GGCTAGCTACAACGA ACAACGAA 


1 5799 
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5046 GUUGUGCU G UUUCUGAC 



5053 UGUUUCUG A CUCCUAAU 



S060|GACUCCUA A UGAGAGUU 
5066 UAAUGAGA G UUCCUUCC 



5077|CCUUCCRG A CCGUUAGC 
5080|UCCAG ACC G UUAGCUGU 
5084 GACCGOUA G CUGUCUCC 



5087 CGUUAGCU G UCDCCUUG 



5095|GUCUCCUU G CCAAGCCC 
510o|ctJU GCCAA G CCCCAGGA 
5114 GGAAGAAA A UGAUGCAG 



5117|AGAAAADG A UGCAGCUC 
5119 AAAAUGAD G CAGCUCUG 



5122|A0GAUGCA G CDCUGGCU 
512 8|CAGCUCUQ G CUCCUUGt 
5135 GGCUCCUU G UCUCCCAG 



4514 1 GT CAGAAA GGCTAGCTACAACQA AGCACAAC 

4515 I ATTAGGAG GGCTAGCTACAACGA CAGAAACA 



AAC TCTCA GGCTAGCTACAACQA TAGGAGTC 
GGAAGGAA GGCTAGCTACAACQA TCTCATTA 
GCTAACGG GGCTAGCTACAACGA CTGGAAGG 
ACA GCTAA GGCTAGCTACAACQA GGTCTGGA 
GGAGACAG GGCTAGCTACAACQA TAACGGTC 



5800 
5801 
5802 
5803 



5804 
5805 
5806 



^521 | CAAGGAQA GGCTAGCTACAACGA AGCTAACG | 5807 



GGGCTTGG GGCTAGCTACAACGA AAGGAGAC 1 5808 
TCCTG GGG GGCTAGCTACAACQA TTQGCAAG 1 5809 
CTGCATCA GGCTAGCTACAACGA TTTCTTCC 1 5810 



4525 
4526 



GAGCTGCA GGCTAGCTACAACGA CATTTTCT 5811 
CAGAGCTG GGCTAGCTACAACGA ATCATTTT | 5812 



AGCCAGAG GGCTAGCTACAACQA TGCATCAT I 5813 
AC AAGGAG GGCTAGCTACAACGA CAGAGCTG 5814 
CTGGGAGA GGCTAGCTACAACGA AAGGAGCC 1 5815 



4530 



5148 CCAGGCUG A UCCUUUA 



4531 



4532 1 ATTCTGAA GGCTAGCTACAACGA AAAGGATC | 5818 



5162|UAUUCAGA A UACCACAA 4533 



5164|UUCAGAAU A CCACAAAG 4534 
5167| AGAAUACC A CAAAGAAA| 4535 



CTTT GTGG GGCTAGCTACAACGA ATTCTGAA I 5820 
TTTCTTTG GGCTAGCTACAACGA GGTATTCT I 5821 



5178IAAGAAAGG A CADUCAGCl 4536 



5180 IGAAAGGAC A UUCAGCUC 4537 



GCTGAATG GGCTAGCTACAACGA CCTTTCTT I 5822 
GAGCTGAA GGCTAGCTACAACGA GTCCTTTC I 5823 



518 5|GACAUUCA Q CUCAAGGCl 4538 
5192|AGCUCAAG G COCCCUGC 4539 
5199 GGCUCCCU G CCGUGUUGl 4540 



GCCTTGAG GGCTAGCTACAACGA TGAATGTC 
GC AGGGAG GGCTAGCTACAACGA CTTGAGCT 
CAACACGG GGCTAGCTACAACGA AGGQAGCC 



5202|UCCCUGCC G UGOUGAAG 4541 
5204 CCUGCCGU G UUGAAGAGl 4542 



C TTCAACA GGCTAGCTACAACQA GGCAGGGA 
CTCTTCAA GGCTAGCTACAACGA ACGGCAQG 



5827 
5828 



5212 IGUUGAAGA G UUCUGACU 4543 



521B|GAGUUCUG A CUGCACAA 



AGTCAQAA GGCTAGCTACAACGA TCTTCAAC j 5829 

4544 | T TGTGCAG GGCTAGCTACAACGA CAGAACTC I 5830 

4545 1 GGTTTGTG GGCTAGCTACAACGA AGTCAGAA | 5831 
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^"51 C 1 
JJlD I 


&&TTftT7f?AA G CUGUGUGUl 


4567 


ACACACAG GGCTAGCTACAACGA TTCACATT 1 


5853 


53191 


GUGAAGCU G UGUGUGGu) 


4568 


ACCACACA GGCTAGCTACAACGA AGCTTCAC 1 


5854 


5321 


GAAGCUGU G UGUGGUGu] 


4569 


ACACCACA GGCTAGCTACAACGA ACAGCTTC | 


5855 


[5323 1 


AGCUGUGU G UGGUGUCA] 


4570 


TGACACCA GGCTAGCTACAACGA ACACAGCT | 


5856 


5326 


UGUGUGUG G UGUCAAAG 


4571 


CTTTGACA GGCTAGCTACAACGA CACACACA 


5857 


5328 


UGUGUGGU G UCAAAGUU 


4572 


AACTTTGA GGCTAGCTACAACGA ACCACACA 


5858 


|s334 


GUGUCAAA G UUUCAGGA 


| 4573 


TCCTGAAA GGCTAGCTACAACGA TTTGACAC | 


, 5B59 


|5346 


CAGGAAGG A UUUUACCC 


4574 


GGGTAAAA GGCTAGCTACAACGA CCTTCCTG 


5860 


|s351 


|AGGAUUUU A CCCUUUUG 


4575 


CAAAAGGG GGCTAGCTACAACGA AAAATCCT 


5861 


(5359 


|ACCCUUUU G UUCUUCCC 


4576 


GGGAAGAA GGCTAGCTACAACGA AAAAGGGT 


\ 5862 


|s371 


1UUCCCCCU G UCCCCAAC 


4577 


GTTGGGGA GGCTAGCTACAACGA AGGGGGAA 


1 5863 


(5378 


|UGUCCCCA A CCCACUCU 


1 4578 


AGAGTGGG GGCTAGCTACAACGA TGGGGACA 


5864 



5382ICCCAACCC A CUCUCACCl 4579 GGTGAGAG GGCTAGCTACAACGA QGGTTGGG | 5865 



5388 CCACUCUC A CCCCG( 



4580 I tTGCGGGG GGCTAGCTACAACGA GAGAGTGG | 5866 



5393 CUCACCCC G CAACCCAUl 4581 |ATGGGTTG GGCTAGCTACAACGA GGGGTGAQ | 5867 



5396 ACCCCGCA A CCCAUCAGl 4582 CTGATGGG GGCTAGCTACAACGA TGCGGGGT | 5868 



|5400|CGCAACCC A UCAGUAUUl 4583 AATACTGA GGCTAGCTACAACGA GGGTTGCG | 5869 



15404 ACCCAUCA G UAUUUUAGI 45B4 CTAAAATA GGCTAGCTACAACGA TGATGGGT \ 5870 



15406 CCAUCAGU A UUUUAGUUl 4585 | AACTAAAA GGCTAGCTACAACGA ACTQATGG | 5871 



j5412|GUAUUUUA G XJUAUUUGG| 4586 [ CCAAATAA GGCTAGCTACAACGA TAAAATAC 5872 
5415 UUUUAGUU A UUUGGCCU 4587 | AGGCCAAA GGCTAGCTACAACGA AACTAAAA [ 5873 



5420|GUUAUUUG G CCUCUACUl 4588 AGTAGAGG GGCTAGCTACAACGA CAAATAAC | 5874 



5426|U GGCCUCU A CUCCAGUA| 4589 TACTGGAG GGCTAGCTACAACGA AGAGGCCA 5875 
l5432|CUACUCCA G UAAACCUG| 4590 | CAGGTTTA GGCTAGCTACAACGA TGGAGTAG I 5876 



5436 UCCAGUAA A CCUGAUUGl 4591 | CAATCAGG GGCTAGCTACAACGA TTACTGGA | 5877 



5441 UAAACCUG A UUGGGUUUl 4592 1 AAACCCAA GGCTAGCTACAACGA CAGGTTTA | 5878 



5446ICUGAUUGG G UUUGUUCAl 4593 TGAACAAA GGCTAGCTACAAC GA CCAATCAG | 5879 



|5450|l 


JUGGGUUU G UUCACUCUj 


4594 


AGAGTGAA GGCTAGCTACAACGA AAACCCAA 


5880 


5454 [ 


3UUUGUUC A CUCUCUGa| 


4595 


TCAGAGAG GGCTAGCTACAACGA GAACAAAC 


5881 


5463\ 


CUCUCUGA A UGAUUAUu| 


4596 


AATAATCA GGCTAGCTACAACGA TCAGAGAG | 


5882 


5466) 


UCUGAAUG A UUAUUAGC) 


4597 


GCTAATAA GGCTAGCTACAACGA CATTCAGA ] 


5883 


5469 


GAAUGAUU A UUAGCCAG 


4598 


CTGGCTAA GGCTAGCTACAACGA AATCATTC 1 


5884 


5473 


GAUUAUUA G CCAGACUU] 


4599 1 


AAGTCTGG GGCTAGCTACAACGA TAATAATC 1 


5885 


5478 


UUAGCCAG A CUUCAAAAJ 


4600 | 


TTTTGAAG GGCTAGCTACAACGA CTGGCTAA | 


5886 


5486| 


ACUUCAAA A UUAUUUUA] 


4601 


TAAAATAA GGCTAGCTACAACGA TTTGAAGT 1 


5887 


5489] 


UCAAAAUU A UUUUAUAGj 


4602 | 


CTATAAAA GGCTAGCTACAACGA AATTTTGA I 


5888 


5494 1 


AUUAUUUU A UAGCCCAA 


4603 


TTGGGCTA GGCTAGCTACAACGA AAAATAAT | 


5889 


5497 


AUUUUAUA G CCCAAAUU 


4604 


AATTTGGG GGCTAGCTACAACGA TATAAAAT 


5890 


5503 


UAGCCCAA A UUAUAACA 


4605 


TGTTATAA GGCTAGCTACAACGA TTGGGCTA 


5891 


5506 


CCCAAAUU A UAACAUCU 


4606 


AGATGTTA GGCTAGCTACAACGA AATTTGGG 


5892 


5509 


AAAUUAUA A CAUCUAUU 


| 4607 


AATAGATG GGCTAGCTACAACGA TATAATTT 


5893 


5511 


AUUAUAAC A UCUAUUGU 


4608 


ACAATAGA GGCTAGCTACAACGA GTTATAAT 


5894 


5515 


UAACAUCU A UUGUAUUA 


| 4609 


| TAATACAA GGCTAGCTACAACGA AGATGTTA 


5895 


5518 


| CAUCUAUU G UAUUAUUU 


4610 


| AAATAATA GGCTAGCTACAACGA AATAGATG 


5896 


5520 


(UCUAUUGU A UUAUUUAG 


| 4611 


1 CTAAATAA GGCTAGCTACAACGA ACAATAGA 


5897 


5523 


[auuguauu a uuuagacu 


4612 


| AGTCTAAA GGCTAGCTACAACGA AATACAAT 


5898 


5529 


1 UUAUUUAG A CUUUUAAC 


1 4613 


1 GTTAAAAG GGCTAGCTACAACGA CTAAATAA 


5899 


5536 


|gacuuuua a cauauaga 


4614 


TCTATATG GGCTAGCTACAACGA TAAAAGTC 


5900 


5538 


1 CUUUUAAC A UAUAGAGC 


4615 


1 GCTCTATA GGCTAGCTACAACGA GTTAAAAG 


5901 


5540 


juUUAACAU A UAGAGCUA 


i 4616 


| TAGCTCTA GGCTAGCTACAACGA ATGTTAAA 


5902 


5545 


1 CAUAUAGA G CUAUUUCU 


' 4617 


1 AGAAATAG GGCTAGCTACAACGA TCTATATG 


5903 


5548 


|auagagcu a uuucuacu 


f| 4618 


j AGTAGAAA GGCTAGCTACAACGA AGCTCTAT 


5904 


5554 


1 CUAUUUCU A CUGAUUUU 


f| 4619 


AAAATCAG GGCTAGCTACAACGA AGAAATAG 


5905 
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4620 I GGCAAAAA GGCTAGCTACAACGA CAGTAGAA | 5906 



5564 UGAUUUUU G CCCUUGUU 



4621 i AACAAGGG GGCTAGCTACAACGA AAAAATCA | 5907 



5570 1UUGCCCUU G UUCOGUCC 



4622 | GGACAQAA GGCTAGCTACAACGA, AAGGGCAA | 5908 



5575 CUUGUUCU G UCCUUOUO 



4623 | AAAAAGGA GGCTAGCTACAACGA AGAACAAG | 5909 



5597 AAAAGAAA A UGUGUUUU 



4624 I AAAACACA GGCTAGCTACAACGA TTTCTTTT | 5910 



5599 AAGAAAAU G UGUUOUUU 



4625 I AAAAAACA GGCTAGCTACAACGA ATTTTCTT \ 5911 



5601 GAAAAUGU G UUUUUUGUl 4626 | ACAAAAAA GGCTAGCTACAACGA ACATTTTC \ 5912 



5608 UGUUUUUU G UUUGGUACl 4627 | GTACCAAA GGCTAGCTACAACGA AAAAAACA 5913 



5613 UUUGUUUG G UACCAUAGl 4628 | CTATGGTA GGCTAGCTACAACGA CAAACAAA 5914 



5615 UGUUUGGU A CCAUAGUGl 4629 | CACTATGG GGCTAGCTACAACGA ACCAAACA | 5915 



5 6 1 B luUGGHACC A UAGUGUQAI 4630 I TCACACTA GGCTAGCTACAACGA GGTACCAA | 5916 



5621 GUACCAUA G UGUGAAAUl 4631 lATTTCACA GGCTAGCTACAACGA TATGGTAC | 5917 



5623 ACCAUAGU G UGAAAUGCi 4632 | GCATTTCA GGCTAGCTACAACGA ACTATGGT 5918 



5628 AGUGUGAA A UGCUGGGAl 4633 | TCCCAGCA GGCTAGCTACAACGA TTCACACT 5919 



5630 UGUGAAAU G CUGGGAACl 4634 | GTTCCCAG GGCTAGCTACAACGA ATTTCACA 5920 



56371UGCUGGGA A CAAUGACUj 4635 | AGTCATTG GGCTAGCTACAACGA TCCCAGCA 5921 



5640 UGGGAACA A UGACUAUA 4636 1 TATAGTCA GGCTAGCTACAACGA TGTTCCCA 5922 



5643 GAACAAUG A CUAUAAGaI 4637 | TCTTATAG GGCTAGCTACAACGA CATTGTTC 5923 



5646 CAAUGACU A UAAGACAUl 4638 | ATGTCTTA GGCTAGCTACAACGA AGTCATTG 5924 



5651 ACUAUAAG A CAUGCUAUl 4639 [ATAQCATG GGCTAGCTACAACGA CTTATAGT 5925 



5653 



UAUAAGAC A UGOJAUGGl 4640 1 CCATAGCA GGCTAGCTACAACGA GTCTTATA | 5926 



15655 



UAAGACAU G CUAUGGCAl 4641 I TGCCATAG GGCTAGCTACAACGA ATGTCTTA | 5927 



5658 



GACAUGCU A UGGCACAUl 4642 I ATGTGCCA GGCTAGCTACAACGA AGCATGTC | 5928 



5661 



AUGCUAUG G CACAUAUAl 4643 1 TATATGTG GGCTAGCTACAACGA CATAGCAT | 5929 



5663 



GCUAUGGC A CAUAUAUUl 4644 I AATATATG GGCTAGCTACAACGA GCCATAGC [5930 



5665 



UAUGGCAC A UAUAUUUAl 4645 [ TAAATATA GGCTAGCTACAACGA GTGCCATA 1 5931 



5667 



UGGCACAU A UAUOUAUAl 4646 [ TATAAATA GGCTAGCTACAACGA ATGTGCCA | 5932 



5669 



GCACAUAU A XJUUAUAGUl 4647 | ACTATAAA GGCTAGCTACAACGA ATATGTGC [5933 



5673 



AUAUAUUU A UAGUCUGUl 4648 TaCAGACTA GGCTAGCTACAACGA AAATATAT | 5934 



5676 



UAUUUAUA G UCUGUUUAl 4649 T TAAACAGA GGCTAGCTACAACGA TATAAATA | 5935 



5680 



UAUAGUCU G UUUAUGUA 



4650 'I TACATAAA GGCTAGCTACAACGA AGACTATA [ 5936 



15684 



GUCUGUUU A UGUAGAAA 



4651 I TTTCTACA GGCTAGCTACAACGA AAACAGAC | 5937 



5686 



CUGUUUAU G UAGAAACA 



4652 I TGTTTCTA GGCTAGCTACAACGA ATAAACAG | 5938 



5692 



AUGUAGAA A CAAAUGUA 



4653 I TACATTTG GGCTAGCTACAACGA TTCTACAT 1 5939 



5696 



AGAAACAA A UGUAAUAU 



4654 [ ATATTACA GGCTAGCTACAACGA TTGTTTCT 5940 



5698 



AAACAAAU G UAAUAUAU 



4655 I ATATATTA GGCTAGCTACAACGA ATTTGTTT 5941 



5701 



CAAAUGUA A UAUAUUAA 



4656 I TTAATATA GGCTAGCTACAACGA TACATTTG 5942 



5703 



AAUGUAAU A UAUUAAAG 



4657 I CTTTAATA GGCTAGCTACAACGA ATTACATT I 5 943 



5705 



UGUAAUAU A UUAAAGCC 



4658 I GGCTTTAA GGCTAGCTACAACGA ATATTACA 5944 



5711 



AUAUUAAA G CCUUAUAU 



4659 I ATATAAGG GGCTAGCTACAACGA TTTAATAT | 5945 



5716 



AAAGCCUU A UAUAUAAU 



4660 I ATTATATA GGCTAGCTACAACGA AAGGCTTT 5946 



5718 



AGCCUUAU A UAUAAUGA 



4661 I TCATTATA GGCTAGCTACAACGA ATAAGGCT | 5947 



5720 



CCUUAUAU A UAAUGAAC 



4662 



GTTCATTA 



GGCTAGCTACAACGA ATATAAGG I 5948 



5723 



UAUAOAUA A UGAACUUU 



4663 I AAAGTTCA GGCTAGCTACAACGA TATATATA | 5949 



5727 



UAUAAUGA A CUUUGUAC 



4664 I GTACAAAG GGCTAGCTACAACGA TCATTATA | 5950 



5732 



UGAACUUU G UACUAUUC 



4665 I GAATAGTA GGCTAGCTACAACGA AAAGTTCA | 5951 



5734 



AACUOUGU A COAUUCAC 



4666 I GTGAATAG GGCTAGCTACAACGA ACAAAGTT | 5952 



5737 



UUUGUACU A UUCACAUU 



4667 1 AATGTGAA GGCTAGCTACAACGA AGTACAAA 



5953 



5741 



UACUAUUC A CAUUUUGU 



4668 I ACAAAATG GGCTAGCTACAACGA GAATAGTA | 5954 



5743 



CU AUUC AC A UUUUGUAU 



4669 I ATACAAAA GGCTAGCTACAACGA GTGAATAG | 5955 



574 



CACAUUUU G UAUCAGUA 



4670 TACTGATA GGCTAGCTACAACGA AAAATGTG 



5956 



5750 



CAUUUUGU A UCAGUAUU 



4671 I AATACTGA GGCTAGCTACAACGA ACAAAATG | 5957 



5754 



UUGUAUCA G UAUUAUGU 



4672 I ACATAATA GGCTAGCTACAACGA TGATACAA | 5958 
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5756|< 


3UAUCAGU A UUAUGUAG 


4673 | 


CTACATAA GGCTAGCTACAACGA ACTGATAC 


5959 


5759|1 


JCAGUAUU A UGUAGCAU 


4674 1 


ATGCTACA GGCTAGCTACAACGA AATACTGA 


5960 


5761L 


M3UAUUAU G UAGCAUAA 


4675 j 


TTATGCTA GGCTAGCTACAACGA ATAATACT 


5961 


57641. 


AUUAUGUA G CAUAACAA 


4676 


TTGTTATG GGCTAGCTACAACGA TACATAAT 


5962 


5766| 


UAUGUAGC A UAACAAAG 


4677 | 


CTTTGTTA GGCTAGCTACAACGA GCTACATA 


5963 


5769 


GUAGCAUA A CAAAGGUC 


4678 


GACCTTTG GGCTAGCTACAACGA TATGCTAC 


5964 


5775 


UAACAAAG G UCAUAAUG 


4679 


CATTATGA GGCTAGCTACAACGA CTTTGTTA 


5965 


5778|CAAAGGUC A UAAUGCUU 


4680 


I AAGCATTA GGCTAGCTACAACGA GACCTTTG 


5966 


5781 1 AGGUCAUA A UGCUUUCA 


4681 


1 TGAAAGCA GGCTAGCTACAACGA TATGACCT 


5967 


5783! 


GUCADAAD G CUUUCAGC 


4682 


| GCTGAAAG GGCTAGCTACAACGA ATTATGAC 


5968 


5790 


UGCUUUCA G CAAUUGAU 


4683 


I ATCAATTG GGCTAGCTACAACGA TGAAAGCA 


5969 


5793 


UUUCAGCA A UUGAUGUC 


4684 


| GACATCAA GGCTAGCTACAACGA TGCTGAAA 


5970 


5797 


|agcaauug A UGUCAUUU 


4685 


| AAATGACA GGCTAGCTACAACGA CAATTGCT 


5971 


5799 


1 CAAUUGAU G UCAUUUUA 


4686 


1 TAAAATGA GGCTAGCTACAACGA ATCAATTG 


5972 


5802 


(UUGAUGUC A UUUUAUUA 


4687 


I TAATAAAA GGCTAGCTACAACGA GACATCAA 


5973 


5807 


|gucauuuu A UUAAAGAA 


4688 


j TTCTTTAA GGCTAGCTACAACGA AAAATGAC 


5974 


5815 


jAUUAAAGA A CAUUGAAA 


4689 


1 TTTCAATG GGCTAGCTACAACGA TCTTTAAT 


5975 


5817 


jUAAAGAAC A UUGAAAAA 


4690 


j TTTTTCAA GGCTAGCTACAACGA GTTCTTTA 


5976 



Input Sequence = AF035121. Cut Site = R/Y 

Ann Length = 8. Core Sequence = GGCTAGCTACAACGA 

AF035121 (Homo sapiens KDR/flk-l protein mRNA, complete cds.; Acc# AF035121; 5830 bp) 
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CLAIMS 



1 . A compound having Formula H: (SEQ ID NO: 5978) 

* 

S'-UgasCs asau ucU GAu Gag gcg aaa gcc Gaa Aag aca aB-3' 

5 wherein each a is 2'-0-methyl adenosine nucleotide, each g is a 2'-0 

methyl guanosine nucleotide, each c is a 2'-0-methyl cytidine nucleotide, 
each u is a 2'-0-methyl uridine nucleotide, each A is adenosine, each G is 
guanosine, each s individually represents a phosphorothioate 
internucleotide linkage, U is 2'-deoxy-2'-C-allyl uridine, and B is an 

1 0 inverted deoxyabasic moiety. 

2. A composition comprising the compound of claim 1 and a 
pharmaceutically acceptable carrier or diluent. 

3. A method of administering to a cell the compound of claim 1 comprising 
contacting said cell with the compound under conditions suitable for said 

1 5 administration. 

4. The method of claim 3 , wherein said cell is a mammalian cell. 

5. The method of claim 3, wherein said cell is a human cell. 

6. The method of claim 3, wherein said administration is in the presence of a 
delivery reagent. 

20 7. The method of claim 6, wherein said delivery reagent is a lipid. 

8. The method of claim 7, wherein said lipid is a cationic lipid 

9. The method of claim 7, wherein said lipid is a phospholipid. 

10. The method of claim 6, wherein said delivery reagent is a liposome. 

11. A method of administering to a cell the compound of claim 1 in 
25 conjunction with one or more other drug comprising contacting said cell 
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with the compound and the other drug(s) under conditions suitable for said 
administration. 

12. A method of inhibiting ocular angiogenesis in a subject comprising the step 
of contacting said subject with the compound of claim 1 under conditions 

5 suitable for said inhibition. 

13. The method of claim 12, wherein said angiogenesis is associated with 
diabetic retinopathy. 

14. The method of claim 12, wherein said angiogenesis is associated with age 
related diabetic retinopathy. 

10 15. A method of cleaving RNA comprising a sequence of KDR KNA 
comprising contacting the compound of claim 1 with said RNA under 
conditions suitable for the cleavage of said KNA. 

16. The method of claim 15, wherein said cleavage is carried out in the 
presence of a divalent cation. 

15 17. The method of claim 16, wherein said divalent cation is Mg2+. 

18. A method of administering to a mammal the compound of claim 1 
comprising contacting said mammal with the compound under conditions 
suitable for said administration. 

19. The method of claim 18, wherein said mammal is a human. 

20 20. The method of claim 1 8 wherein said administration is in the presence of a 

delivery reagent. 

21 . The method of claim 1 8, wherein said delivery reagent is a lipid 

22. The method of claim 2 1 , wherein said lipid is a cationic lipid. 

23 . The method of claim 21 , wherein said lipid is a phospholipid. 



25 24. The method of claim 20, wherein said delivery reagent is a liposome 
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25. A method for treating a subject having endometriosis, comprising 
contacting said subject with a nucleic acid molecule that modulates the 
expression ofVEGF, VEGFR1, and/or VEGFR2, under conditions suitable 
for said treatment 

5 26. The method of claim 25, wherein said nucleic acid molecule is an 
enzymatic nucleic acid molecule. 

27. The method of claim 25, wherein said nucleic acid molecule is an antisense 
nucleic acid molecule. 

28. The method of claim 25, wherein said nucleic acid molecule is a dsRNA 
1 0 nucleic acid molecule. 

29. The method of claim 25, wherein said nucleic acid molecule is a nucleic 
acid aptamer. 

30. The method of claim 25, wherein said nucleic acid molecule comprises a 
sequence having SEQ ID NO: 5977. 

15 31. The method of claim 26, wherein said enzymatic nucleic acid molecule has 

an endonuclease activity to cleave RNA encoded by an VEGFR1 and/or 
VEGFR2 gene. 

32. The method of claim 26, wherein said enzymatic nucleic acid molecule is 
in a hammerhead configuration. 

20 33. The method of claim 26, wherein said enzymatic nucleic acid molecule is 

in an Inozyme configuration. 

34. The method of claim 26, wherein said enzymatic nucleic acid molecule is 
in a Zinzyme configuration. 

35. The method of claim 26, wherein said enzymatic nucleic acid molecule is 
25 in a DNAzyme configuration. 

36. The method of claim 26, wherein said enzymatic nucleic acid molecule is 
in a G-cleaver configuration. 

37. The method of claim 26, wherein said enzymatic nucleic acid molecule is 
in an Amberzyme configuration. 
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38, The method of claim 26, wherein said enzymatic nucleic acid molecule is 
an allozyme. 

39. The method of claim 25, wherein said nucleic acid molecule is chemically 
synthesized. 

5 40. The method of claim 25, wherein said nucleic acid molecule comprises at 
least one 2 '-sugar modification. 

41. The method of claim 25, wherein said nucleic acid molecule comprises at 
least one nucleic acid base modification. 

42. The method of claim 25, wherein said nucleic acid molecule comprises at 
1 0 least one phosphate backbone modification. 

43. The method of claim 25, wherein said subject is a human* 

44. A method for treating a subject having endometriosis, comprising 
administering to the subject a nucleic acid molecule that modulates the 
expression of VEGF, VEGFR1, and/or VEGFR2, under conditions suitable 

1 5 for said treatment. 

45. The method of claim 44 wherein said administration is in the presence of a 
delivery reagent 

46. The method of claim 45, wherein said delivery reagent is a lipid. 

47. The method of claim 46, wherein said lipid is a cationic lipid. 
20 48. The method of claim 46, wherein said lipid is a phospholipid. 

49. The method of claim 45, wherein said delivery reagent is a liposome. 

50. The method of claim 44, further comprising administering one or more 
other drug(s). 

5 1 . The method of claim 50, wherein said other drug(s) are chosen from GnRH 
25 (gonadotropin releasing hormone) agonists, Lupron Depot (Leuprolide 

Acetate), Synarel (naferalin acetate), Zolodex (goserelin acetate), Suprefact 
(buserelin acetate), Danazol, and oral contraceptives. 

* 

52. A compound having Formula I: (SEQ ID NO: 5977) 
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5' g s a s g s u s ugcUGAuGagg ccgaaa ggccGaaAgucugB 3' 

wherein each a is 2'-0-methyl adenosine nucleotide, each g is a 2'-0 
methyl guanosine nucleotide, each c is a 2 , -Omethyl cytidine nucleotide, 
each u is a 2'-0-methyl uridine nucleotide, each A is adenosine, each G is 
5 guanosine, each s individually represents a phosphorothioate 

internucleotide linkage, U is r-deoxy-^-C-ailyl uridine, and B is an 
inverted deoxyabasic moiety. 

53. A composition comprising a compound of claim 52 in a pharmaceutical^ 
acceptable carrier or diluent. 

10 54. A method of administering to a cell the compound of claim 52 comprising 

contacting said cell with the compound under conditions suitable for said 
administration. 

55. The method of claim 54, wherein said cell is a mammalian cell. 

56. The method of claim 54, wherein said cell is a human cell. 

1 5 57. The method of claim 54, wherein said administration is in the presence of a 

delivery reagent. 

58. The rtiethod of claim 57, wherein said delivery reagent is a lipid. 

59. The method of claim 58, wherein said lipid is a cationic lipid. 

60. The method of claim 58, wherein said lipid is a phospholipid. 

20 61. The method of claim 57, wherein said delivery reagent is a liposome. 

62. A method of administering to a cell the compound of claim 52 in 
conjunction with a chemotherapeutic agent comprising contacting said cell 
with the compound and the chemotherapeutic agent under conditions 
suitable for said administration. 



25 63, 



The method of claim 62, wherein said chemotherapeutic agent is 5-fluoro 
uridine. 



WO 02/096927 PCT/US02/17674 

157 

64. The method of claim 62, wherein said cheinotherapeutic agent is 
Leucovorin. 

65. The method of claim 62, wherein said chemotherapeutic agent is chosen 
from Mnotecan, CAMPTOSAR®, CPT-U, Camptothecin-11, or Campto. 

5 66. The method of claim 62, wherein said chemotherapeutic agent is PaclitaxeL 

67. The method of claim 62, wherein said chemotherapeutic agent is 
Carboplatin. 

68. A mammalian cell comprising the compound of claim 52.. 

69. The mammalian cell of claim 68, wherein said mammalian cell is a human 
10 cell. 

70. A method of inhibiting angiogenesis in a subject, comprising the step of 
contacting said subject with the compound of claim 52, under conditions 
suitable for said inhibition. 

7 1 . The method of claim 70, wherein said angiogenesis is tumor angiogenesis. 

15 72. A method of treatment of a subject having a condition associated with an 

increased level of VEGF receptor comprising contacting cells of said 
subject with the compound of claim 52, under conditions suitable for said 
treatment. 

73. The method of claim 72 further comprising the use of one or more drug 
20 therapies under conditions suitable for said treatment. 

74. A method of cleaving RNA comprising a sequence of VEGFR1 (flt-1), 
comprising contacting the compound of claim 52 with said RNA under 
conditions suitable for the cleavage of said RNA. 

75. The method of claim 74, wherein said cleavage is carried out in the 
25 presence of a divalent cation. 

76. The method of claim 75, wherein said divalent cation is Mg2+. 
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77. The method of claim 72, wherein said condition is cancer. 

78. The method of claim 77, wherein said cancer is breast cancer. 

79. The method of claim 77, wherein said cancer is lung cancer. 

80. The method of claim 77, wherein said cancer is colorectal cancer. 
5 81. The method of claim 77, wherein said cancer is renal cancer. 

82. The method of claim 77, wherein said cancer is melanoma. 

83 . The method of claim 77, wherein said cancer is pancreatic cancer. 

84. The method of claim 79, wherein said lung cancer is non-small cell lung 
carcinoma. 

10 85 . The method of claim 8 1 , wherein said renal cancer is renal cell carcinoma. 

86. The method of claim 73, wherein said other therapy is 5-fluoro uridine. 

87. The method of claim 73, wherein said other therapy is Leucovorin. 

88. The method of claim 73, wherein said other therapy is Wnotecan, 
CAMPTOSAR®, CPT-11, Camptothecin-11, or Campto. 

1 5 89. The method of claim 73, wherein said other therapy is Paclitaxel. 

90. The method of claim 73, wherein said other therapy is Carboplatin. 

91. A method of administering to a mammal the compound of claim 52 
comprising contacting said mammal with the compound under conditions 
suitable for said administration. 

20 92. The method of claim 91 , wherein said mammal is a human. 

93 . The method of claim 91 , wherein said administration is in the presence of a 
delivery reagent. 

94. The method of claim 93, wherein said delivery reagent is a lipid. 
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95 . The method of claim 94, wherein said lipid is a cationic lipid. 

96. The method of claim 94, wherein said lipid is a phospholipid. 

97. The method of claim 93, wherein said delivery reagent is a liposome. 

98. A method of administering to a mammal the compound of claim 52 in 
5 conjunction with a chemotherapeutic agent comprising contacting said 

mammal with the compound and the chemotherapeutic agent under 
conditions suitable for said administration. 

99. The method of claim 98, wherein said chemotherapeutic agent is 5-fluoro 
uridine. 

10 100. The method of claim 98, wherein said chemotherapeutic agent is 

Leucovorin. 

101 . The method of claim 98, wherein said chemotherapeutic agent is Wnotecan, 
CAMPTOSAR®, CPT-11, Camptothecin-11, or Campto. 

102. The method of claim 98, wherein said chemotherapeutic agent is Paclitaxel. 

15 103. The method of claim 98, wherein said chemotherapeutic agent is 

Carboplatin. 
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Figure 5: Plasma concentration profile of ANGIOZYME after a 

single subcutaneous dose of 10, 30, 100 or 300 mg/m 2 
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